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1 Project Summary 
 

Project Summary 

The 125 Pennslyvania Avenue project is located  at 125, 135, and  137 Pennsylvania 

Avenue in the town of Framingham (see Figure 1)  a 10.03 acre site). The three 

combined  lots contain 10.03 acre of land  area.  The Site is bounded  by Pennsylvania 

Ave to the north, the Massachusetts Turnpike (Interstate 90) to the south, 115 

Pennsylvania Avenue to the west, and  145 Pennsylvania Avenue to the east. The site 

is currently zoned  Technology Park District.  The site is presently owned  by 

Framingham CFII, LP. and  it is to be redeveloped  by The Congress Group. 

 

Under existing conditions, untreated  stormwater runoff flows to three separate 

d ischarge points via a series of roof d rains, chained  catch basins, and  over land  flows 

as shown on Figure 2.  A small amount of roof and  paved  area from 125 

Pennsylvania Avenue d ischarges to the town system in Pennsylvania Avenue, an 

undeveloped  vegetated  slope area d ischarges to the southeast, and  the majority of 

the site eventually d ischarges to the southeast corner of the site via an existing swale 

along the southerly edge of the property line. 

 

The proposed  site is designed  to create easy accessibility within the development and  

includes add itional green space and  a bio-filtration rain garden for increased  

groundwater recharge.  The proposed  drainage runoff pattern is shown on Figure 3.  

Under proposed  conditions, the stormwater will be treated  by BMPs before being 

d ischarged .  This will be accomplished  by a system of treatments starting with a 

comprehensive maintenance program , which includes street sweeping, landscape 

care of the site, and  site maintenance. Stormwater infrastructure will include rain 

gardens, deep sump hooded  catch basins, and  Stormceptor water quality units. 

Wherever possible, the existing drainage and  grad ing patterns were maintained  in 

the proposed  design, and  low impact development stormwater management 

techniques have been incorporated  into the site and  are described  herein.  

 

A HydroCAD model, using TR-20 method ology, was d eveloped  to evaluate the 

existing and  proposed  drainage conditions on the site. The results of the analyses 

ind icate that there is no increase in peak d ischarge rates and  volume between the 

pre- and  post-development conditions for the 2, 10, and  25, and  100 year storm 

events. The pre- and  post-d evelopment peak d ischarge values are presented  in Table 

3 at the end  of this report. 
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2 Project Summary 
 

The Stormwater Management Plan, includ ing Best Management Practices (BMPs) for 

maintaining stormwater runoff quality both during and  after construction, was 

prepared  in accord ance with the applicable local, state, and  federal regu lations. 

Details of the Plan are provided  herein. 
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3 Existing Conditions 
 

Existing Conditions 

Summary 

The approximate 10.03 acre project site consisting of three build ings along 

Pennsylvania Avenue in Framingham, Massachusetts that includes  the former 

location of the International Paper Company.  The existing bu ild ings make up 26%, 

or 2.63 acres, of the total site.  Pavement and  other impervious areas make up 27% 

and  wooded  and  grassy areas make up 47% of the site. The majority of the site 

d ischarges to a stormwater swale that runs east along the sou thern property line . The 

site is bounded  by Pennsylvania Avenue to the north and  the Massachusetts 

Turnpike to the south.  See Figure 2 for a map showing the existing conditions. 

 

No portion of the project site is located  within the 100-year flood  plain as shown on 

the FEMA flood  insurance map, Panel 4 of 12, Community Panel number 250193-

0004 C, which is included  in Appendix B. 

 

The Town of Framingham has a local Wetland  Protection By-law designating a 30-

foot, “No Disturbance,” buffer to wetland  resource areas.  Based  on the project team 

field  delineation, no resource area was identified  on site; however, resource areas 

were field  located  on the abutting properties where the 125’ buffer zone is extended  

onto the project area. 

 

The soil on-site is identified  as Urban Fill based  on available boring information and  

NRSC Soil Survey d ata.  Detailed  soils information and  map  is included  in Appendix 

C. 

Hydrologic Information 

For the existing conditions hydrologic analysis, th e site is d ivided  into three 

catchment areas eventually d ischarging to three separate design points.  Peak 

d ischarge rates were evaluated  at these three design points (see Figure 2).  The 

majority of the site ind icated  as catchment area S1 drains to an existing stormwater 

swale along the southern edge of the property line and  eventually d ischarges to 

Design Point 3. The remaining 6.7% of the site d ischarges to an existing 12-inch storm 

drain in Pennsylvania Avenue ind icated  as catchment area S2. 
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4 Existing Conditions 
 

Table 1 su mmarizes the key hydrologic parameters for each catchment area. 
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5 Existing Conditions 
 

Table 1 
Existing Conditions Hydrologic Data  
 

Description 

(Drainage Area #) Discharge Location 

Design  

Point 

Area 

(acres) 

Curve 

Number 

Time of 

Concentration  

(min)* 

S1 SE Site 1 7.98 90 9.9 

S2 Pennsylvania Ave. 2 0.67 95 3.4 

S3 SW Site 3 1.38 79 2.2 

      

 

*    Tc  was chosen based  on existing drainage patterns (see Figure 2).  
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6 Proposed  Cond itions 
 

Proposed Conditions 

Summary 

The project was designed  to comply fully with the Massachusetts Stormwater 

Management Policy. Existing drainage and  grad ing patterns were maintained  to the 

maximum extent possible. Low impact development stormwater management 

techniques have been incorporated  into the design. These practices are focused  at 

decentralizing stormwater management at the site and  incorporating many smaller 

stormwater management techniques into the design that will reduce peak runoff 

rates and  treatment.  The proposed  condition shows a small net increase in 

impervious cover. Stormwater BMPs are incorporated  to compensate for the 

increased  runoff rate and  volume, as well as water quality . No new untreated  

d ischarge locations will be added , and  any potential illicit connections will be cut 

and  capped  during the demolition phase.   

 

Rain garden, deep sump hooded  catch basins and  Stormceptor units will provide TSS 

removal of the sites stormwater  with an annual TSS removal rate greater than 80% 

(see Appendix D).  Please refer to Table 3 and  4 for a comparison of stormwater 

runoff on the pre and  post redevelopment conditions. 

 

Water Quantity and Quality Control 

Site Layout 

Throughout the entirety of the site proposed  grades were match ed  to existing 

conditions where the site constraints allowed . Rain garden and  a surface detention 

pond  has been incorporated  for water quality and  quantity control.  Any potential 

illicit connections will be removed  as part of the demolition and  cut and  cap  process 

and  all proposed  drainage will d ischarge to the existing d ischarge point located  

within the site (see Figure 2). 
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7 Proposed  Cond itions 
 

Source Control 

A comprehensive source control program will be implemented  at the site which 

includes, quarterly pavement sweeping throughout the site, and  catch basin 

inspection and  cleaning.  Furthermore the project w ill include enclosures and  

maintenances of all dumpsters, compactors, and  load ing areas. Further  d iscussion of 

the site maintenance is included  in the Stormwater Management Regulations Section 

5.  

Snow Management 

Snow storage areas are shown in Appendix A, Figure 4. Snow will only be placed  in 

designated  areas and  at no time dumped  in or d irectly ad jacent to the resource areas. 

To the extent possible, snow will be allowed  to melt where debris and  sand  may be 

deposited  and  cleaned  up for d isposal and  snow melt then will enter the stormwater 

management system where it will receive proper treatment. 

Spill Prevention 

Spill prevention is achieved  with the proper storage and  hand ling of hazardous 

materials. During construction, this will be addressed  in the Stormwater Pollution 

Prevention Plan (SWPPP) for Constru ction Activities to be prepared  and  

implemented  by the Site Contractor. The general response procedures for spills at 

any time are outlined  in Appendix I and  are included  in the Operation Maintenance 

Plan. 

Catch Basins with Sumps and 

Oil/debris Traps 

Catch basins at the site are to be constructed  with sumps (minimum 4-feet) and  

oil/ debris traps to prevent the d ischarge of sed iments and  floating contaminants. 

Cleaning of catch basins will follow the schedule set forth in Append ix H, Operation 

and  Maintenance Plan. 

Water Quality Units 

The Project proposes Stormceptor BMP units. The Stormceptor® Water Quality units 

efficiently remove total suspended  solid s (TSS) and  free oil from the stormwater run -

off.  The units prevent the re-suspension of settled  material and  allow for safe and  

easy removal of collected  material. The water quality units will be inspected  four  

times per year and  cleaned  a minimum of once per year, or when the sed iment 

reaches 8-inches in depth. TSS calculations for the units are provided  in Appendix D. 

 



 
 

 

\\vhb\proj\Boston\10734.00\reports\Stormwate
r Report\PennAve\10734.00 - Drainage 
Report.doc 

8 Proposed  Cond itions 
 

Rain Garden/Surface Detention 

The Project proposes a rain garden or bio-filtration facility and  a surface detention 

pond  to not only treat and  infiltrate roof top and  parking lot runoff, but to also 

reduce the peak d ischarge rate and  quantity of stormwater.  TSS calculations for the 

facilities are provided  in Appendix D. 

 

Hydrologic Information 

For the proposed  conditions hydrologic analysis, the site was d ivided  into 3 sub 

catchment areas (see Figure 3). These areas d ischarge to 3 separate design points, 

where peak d ischarge rates and  quantities were evaluated  for both existing and  

proposed  conditions.  

 

Drainage Area 1S – This 6.913 acre area includes the p roposed  bu ild ing roof, back 

parking and  access d rive, sidewalks, 429 space parking lot, and  landscaping 

throughout the site.  All the roof runoff will be rou ted  through a rain garden and  

surface detention area.  Other surface runoff from sidewalk, parking lot and  

driveway will be collected  and  routed  through water quality units and  d ischarged  

into infiltration galleys. Runoff will overflow from the infiltration galleys to the 

d ischarge point located  at the back of the site.  Excess runoff will be routed  through 

the on-site d rainage collection system for d ischarge.  

 

Drainage Area 2S – This 1.690 acre area includes a portion of the roof and  

surrounding landscaped  area.  Runoff from this area will be routed  through an rain 

garden then overflow onto the Pennsylvania Avenue storm drain system. 

 

Drainage Area 3S – This 1.437 acre area includes the wooded  and  land scaped  area 

along the back portion of the site.  

 

Table 2 summarizes the key hydrologic parameters for each drainage area used  in the 

proposed  conditions analyses. 
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9 Proposed  Cond itions 
 

Table 2 
Proposed Conditions Hydrologic Data  
 

Description 

(Drainage Area #) Discharge Location 

Design  

Point 

Area 

(acres) 

Curve 

Number 

Time of 

Concentration  

(min) 

1S Southerly Head Wall 1 6.892 98 5.0 

2S Pennsylvania Ave     
Storm Drain System 

2 1.690 93 

 

6.4 

3S Overland Flow 
Southwesterly Slope 

3 1.437 73 5.0 

 

The site complies fully with the total suspended  solids removal requirement of the 

Stormwater Management Policy. The calculated  TSS removal rates for d ischarges 

from the site are shown on the Worksheets included  in Appendix D.  
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10 Hydrologic/ Hydrau lic Analysis 
 

Hydrologic/Hydraulic Analysis 

Hydrologic Analysis 

The rainfall-runoff response of the Site under existing and  proposed  conditions was 

evaluated  for storm events with recurrence intervals of 2, 10, 25, and  100-years. 

Rainfall volumes used  for this analysis were based  on the Natural Resources 

Conservation Service (NRCS) Type III, 24-hour storm event for Middlesex County; 

they were 3.1, 4.6, 5.5, and  6.6 inches, respectively. Runoff coefficients for the pre- 

and  post-development conditions, as previously shown in Tables 1 and  2 

respectively, were determined  using NRCS Technical Release 55 (TR-55) 

methodology as provided  in HydroCAD.  

 

Drainage areas used  in the analyses were described  in previous sections and  shown 

on Figures 2 and  3. The HydroCAD model is based  on the NRCS Technical Release 

20 (TR-20) Model for Project Formulation Hydrology. Detailed  printouts of the 

HydroCAD analyses are included  in Appendix E. Table 3 presents a summary of the 

existing and  proposed  conditions peak d ischarge rates. 

 

Table 3 
Peak Discharge Rates (cfs*) 
 

Design Point 2-year 10-year 25-year 100-year 

Design Point 1:  SE Site     

Existing 16.88 27.85 34.39 42.34 

Proposed 12.38 21.02 25.99 31.76 

%Reduction 26.7% 24.5% 24.4% 25.0% 

Design Point  2:  Pennsylvania Ave.     

Existing 2.08 3.20 3.87 4.68 

Proposed 1.55 2.41 2.77 3.15 

% Reduction 25.5% 24.7% 28.4% 32.7% 

Design Point 3:  SW Site     

Existing 2.30 4.57 6.00 7.78 

Proposed 1.42 3.23 4.44 5.97 

% Reduction 38.3% 29.3% 26.0% 23.3% 

*  Expressed in cubic feet per second 
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11 Hydrologic/ Hydrau lic Analysis 
 

 

The results of the analysis ind icate that there is no increase in peak d ischarge rates 

between the pre- and  post-development conditions for the 2-, 10- . 25- and  100-year 

storm events.  

 
Table 4  
Stormwater Volume Analysis (acre feet) 

Design Point 2-year 10-year 25-year 100-year 

Design Point 1:  SE Site     

Existing 1.38 2.32 2.90 3.61 

Proposed 1.08 1.86 2.35 2.95 

% Reduction 21.2% 53.9% 19.0% 18.3% 

Design Point 2:  Pennsylvania Ave.     

Existing 0.14 0.23 0.27 0.34 

Proposed 0.26 0.45 0.57 0.71 

% Reduction -46.2% -48.8% -52.6% -52.1% 

Design Point 3:  SW Site     

Existing 0.15 0.28 0.37 0.48 

Proposed 0.11 0.24 0.32 0.43 

% Reduction  26.7% 14.3% 13.5% 10.4% 

     

 

The results of the analysis ind icate that there is no increase in d ischarge volume 

between the pre- and  post-development conditions for the 2-, 10-, 25- and  100-year 

storm events.  

Hydraulic Analysis 

The piping for the stormwater d rainage system was designed  for the 25-year storm 

event, in accord ance with the Town of Framingham by-laws. 

 

Drainage pipes were sized  using Manning’s Equation for full-flow capacity and  the 

Rational Method . Additionally, the performance of the system was analyzed  using 

StormCAD, a HEC-22 based  program. Pipe sizing calculations are included  in 

Appendix F of this report.  

Floodplain Information / Analysis  

The majority of the site is above the 100 year floodplain which is at an approximate 

elevation of 184’.  The lowest build ing elevation within the development is 237.5’.  

Furthermore, the redeveloped  part of the site is ad jacent to a large sloped  area, which 

provides protection during high water events.
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12 Stormwater Management Regulations 
 

Stormwater Management 

Regulations 

The purpose of the Stormwater  Management Plan is to provide long-term protection 

of natural resources in and  around  the Site. This is achieved  by implementing water 

quality and  quantity control measures designed  to decrease the amount of pollutants 

d ischarged  from the Site, increase the quality of stormwater recharged  on the Site, 

and  control d ischarge rates. 

 

The following sections describe the regulations pertinent to stormwater management 

and  the specific components of the Plan to be implemented . 

Stormwater Regulations and Permitting 

The following stormwater related  regulations and  guid elines apply to the proposed  

site development: 

 

 Environmental Protection Agency (EPA) National Pollutant Discharge 

Elimination System (NPDES) Stormwater Permit for Construction Activities 

d isturbing greater than one acre.  

 Dewatering on a contaminated  site requires EPA Remediation General Permit.  

 Compliance with these regulations is d escribed  in the following sections. 

 

Stormwater Management Standards and Guidelines   

The methods for compliance with the ten stormwater performance stand ards 

developed  by the MA DEP are summarized  below.  

 

1. No new stormwater conveyances may discharge untreated stormwater directly to or 

cause erosion in wetlands or waters of the Commonwealth. 

 

The Project will treat the runoff contributed  by parking and  driveway areas 

through appropriate stormwater measures.  All the stormwater will be 

d ischarged  through the new head walls with proper erosion protection. 
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13 Stormwater Management Regulations 
 

2. Stormwater management systems shall be designed so that post-development peak 

discharge rates do not exceed pre-development peak discharge rates.  This Standard may 

be waived for discharges to land subject to coastal storm flowage as defined in 310 CMR 

10.04. 

 

The post-development d ischarge rate will be reduced .  No further 100 year flood  

risk increase analysis was p erformed since both rate and  quantity will be 

reduced  in the design storm cond itions. 

 

3. Loss of annual recharge to ground water shall be eliminated or minimized through the 

use of infiltration measures including environmentally sensitive site design, low impact 

development techniques, stormwater best management practices, and good operation and 

maintenance. A t a minimum, the annual recharge from the post-development site shall 

approximate the annual recharge from pre-development conditions based on soil type.  

This Standard is met when the stormwater management system is designed to infiltrate 

the required recharge volume as determined in accordance with the Massachusetts 

Stormwater Handbook.   

 

The annual recharge is expected  to increase in the post-development cond itions.  

In add ition, infiltration devices will be used  to further reduce the volume, which 

will result in a significant improvement over the existing conditions.  The Project 

will also utilize a number of environmental and  low impact design techniques 

throughout the site to promote groundwater recharge. 

  

4. Stormwater management systems shall be designed to remove 80% of the average annual 

post-construction load of Total Suspended Solids (TSS).  This Standard is met when: 

 Suitable practices for source control and pollution prevention are identified in a 

long- term pollution prevention plan, and thereafter are implemented and 

maintained; 

 Structural stormwater best management practices are sized to capture the required 

water quality volume determined in accordance with the Massachusetts Stormwater 

Handbook; and 

 Pretreatment is provided in accordance with the Massachusetts Stormwater 

Handbook.   

 

The stormwater quality will be accomplished  by using a variety of method s.  A 

Long Term Best Management Practices – Maintenance/  Evaluation check list w ill 

be developed  (Appendix H ) and  proper training will be provided  to the 

Stormwater Control Manager. All catch basin s will have deep sumps and  hood s 

which will provide 25% TSS removal.  All stormwater coming from stand ard  

catch basins will be routed  through a Stormceptor water quality unit which will 

remove oil based  contaminants and  80% of TSS.  The projects average annual 

post construction load  of TSS is projected  to be above 80% (see Append ix D).  

Stormceptor’s Sizing Detail Report has been attached  to Appendix D to show 

documentation of sizing and  removal rate. 
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14 Stormwater Management Regulations 
 

5. For land uses with higher potential pollutant loads, source control and pollution 

prevention shall be implemented in accordance with the Massachusetts Stormwater 

Handbook to eliminate or reduce the discharge of stormwater runoff from such land uses 

to the maximum extent practicable.  If through source control and/or pollution 

prevention all land uses with higher potential pollutant loads cannot be completely 

protected from exposure to rain, snow, snow melt, and stormwater runoff, the proponent 

shall use the specific structural stormwater BMPs determined by the Department to be 

suitable for such uses as provided in the Massachusetts Stormwater Handbook.  

Stormwater discharges from land uses with higher potential pollutant loads shall also 

comply with the requirements of the Massachusetts Clean Waters Act, M.G.L. c. 21, §§ 

26-53 and the regulations promulgated thereunder at 314 CMR 3.00, 314 CMR 4.00 and 

314 CMR 5.00. 

 

Since the expectant vehicle trips per day will be greater than 1,000, the proposed  

site is considered  a land  use with higher potential pollutant load .  Proper BMPs 

have been incorporated  in the design to reduce pollutants from entering the 

storm water d ischarge. 

 

6. Stormwater discharges within the Zone II or Interim Wellhead Protection Area of a 

public water supply and stormwater discharges near or to any other critical area require 

the use of the specific source control and pollution prevention measures and the specific 

structural stormwater best management practices determined by the Department to be 

suitable for managing discharges to such areas as provided in the Massachusetts 

Stormwater Handbook. A  discharge is near a critical area, if there is a strong likelihood of 

a significant impact occurring to said area, taking into account site-specific factors.  

Stormwater discharges to Outstanding Resource Waters and Special Resource Waters 

shall be removed and set back from the receiving water or wetland and receive the highest 

and best practical method of treatment.  A  “storm water discharge” as defined in 314 

CMR 3.04(2)(a)1 or (b) to an Outstanding Resource Water or Special Resource Water 

shall comply with 314 CMR 3.00 and 314 CMR 4.00.  Stormwater discharges to a Zone 

I or Zone A  are prohibited unless essential to the operation of a public water supply 

 

The Project site does not contain or is not located  ad jacent to any Zone II, or 

IWPA areas. 
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15 Stormwater Management Regulations 
 

7. A  redevelopment project is required to meet the following Stormwater Management 

Standards only to the maximum extent practicable: Standard 2, Standard 3, and the 

pretreatment and structural best management practice requirements of Standards 4, 5, 

and 6.  Existing stormwater discharges shall comply with Standard 1 only to the 

maximum extent practicable.  A  redevelopment project shall also comply with all other 

requirements of the Stormwater Management Standards and improve existing 

conditions. 

 

The proposed  project will meet Stormwater Management Stand ards to the 

maximum extent practicable.   

 

8. A plan to control construction related impacts including erosion, sedimentation and 

other pollutant sources during construction and land disturbance activities (construction 

period erosion, sedimentation, and pollution prevention plan) shall be developed and 

implemented. 

 

Recommended  erosion and  sed imentation control practices are included  in 

Appendix G. A maintenance checklist recommended  for evaluating erosion 

control BMPs is also includ ed  in Appendix G.    

 

9. A long-term operation and maintenance plan shall be developed and implemented to 

ensure that stormwater management systems function as designed. 

 

An Operation and  Maintenance plan will be developed  and  includes, system 

ownership information, parties responsible for operation and  maintenance, and  

inspection and  maintenance schedules.  Routine maintenance includes catch 

basin cleaning, stormwater control cleaning, and  removal of debris from outlets.  

It is also expected  that pedestrian and  vehicular access ways will be swept 

appropriately to control sand  applied  during winter months. Refer to Appendix 

H. 

 

Measures aimed  at minimizing the d isposition of site soils to off-site areas, 

primarily the surrounding streets and  existing drainage collection systems, will 

be a part of the Town’s required  Construction Management Plan.  In add ition, 

the Proponent will apply for all appropriate permits for construction activity and  

dewatering.  All efforts w ill be made to contain sed iment, pollutants, and  any 

other construction-related  materials within the site.  Stabilized  construction exits 

will be installed  at each access point  of the work areas to minimize off-site 

transport of soil by construction vehicles.  These exits will remain in place until 

site areas have been stabilized .  In add ition, the Proponent will use Best 

Management Practices (BMPs) during construction includ ing  installing silt sacks 

on catch basins, anti-tracking pad s, and  covering material piles. 

 

10. All illicit discharges to the stormwater management system are prohibited. 

 

No known illicit d ischarges exist at the Project site.  Any potential illicit 
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16 Stormwater Management Regulations 
 

d ischarges will be eliminated  as part of the demolition and  cut and  cap phase of 

the project. 

 

Storm drainage structures remaining from the previous development will be 

removed . The design plans have been designed  so that the components included  

therein are in full compliance with current stand ards. The Long-Term Pollution 

Prevention Plan includes measures to prevent illicit d ischarges.  

 

 

Federal NPDES Construction-Related General 
Stormwater Permits    

The proposed  project will result in the d isturbance of more than one acre of land  and  

thus requires the preparation and  implementation of a Stormwater Pollu tion 

Prevention Plan (SWPPP) by the site contractor and  owner in accord ance with the 

Environmental Protection Agency’s (EPA’s) National Pollutant Discharge 

Elimination System (NPDES) General Permit Program for Stormwater Discharges 

from Construction Sites. The SWPPP is not included  in this report. 
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://soils.usda.gov/sqi/) and certain
conservation and engineering applications. For more detailed information, contact
your local USDA Service Center (http://offices.sc.egov.usda.gov/locator/app?
agency=nrcs) or your NRCS State Soil Scientist (http://soils.usda.gov/contact/
state_offices/).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Soil Data Mart Web site or the NRCS Web Soil Survey. The Soil
Data Mart is the data storage site for the official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Units

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features
Gully

Short Steep Slope

Other

Political Features
Cities

Postal Code

Water Features
Oceans

Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Map Scale: 1:4,370 if printed on A size (8.5" × 11") sheet.

The soil surveys that comprise your AOI were mapped at 1:25,000.

Please rely on the bar scale on each map sheet for accurate map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  UTM Zone 19N NAD83

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Middlesex County, Massachusetts
Survey Area Data:  Version 5, Jan 3, 2007

Date(s) aerial images were photographed:  7/7/2003

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Middlesex County, Massachusetts (MA017)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1 Water 0.2 0.3%

223A Scio very fine sandy loam, 0 to 3 percent slopes 0.6 0.7%

251A Haven silt loam, 0 to 3 percent slopes 7.2 8.1%

305D Paxton fine sandy loam, 15 to 25 percent slopes 4.0 4.5%

602 Urban land 61.8 69.2%

654 Udorthents, loamy 15.4 17.2%

Totals for Area of Interest 89.2 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic

Custom Soil Resource Report
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classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Middlesex County, Massachusetts

1—Water

Map Unit Setting
Frost-free period: 110 to 200 days

Map Unit Composition
Water: 100 percent

223A—Scio very fine sandy loam, 0 to 3 percent slopes

Map Unit Setting
Elevation: 100 to 1,000 feet
Mean annual precipitation: 45 to 54 inches
Mean annual air temperature: 43 to 54 degrees F
Frost-free period: 145 to 240 days

Map Unit Composition
Scio and similar soils: 85 percent
Minor components: 15 percent

Description of Scio

Setting
Landform: Terraces, depressions
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Tread
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Loamy glaciolacustrine deposits over silty glaciolacustrine deposits

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high

(0.60 to 2.00 in/hr)
Depth to water table: About 18 to 24 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent
Available water capacity: High (about 11.4 inches)

Interpretive groups
Land capability (nonirrigated): 2w

Typical profile
0 to 8 inches: Very fine sandy loam
8 to 35 inches: Very fine sandy loam
35 to 65 inches: Silt loam

Custom Soil Resource Report
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Minor Components

Haven
Percent of map unit: 5 percent

Sudbury
Percent of map unit: 5 percent

Tisbury
Percent of map unit: 5 percent

251A—Haven silt loam, 0 to 3 percent slopes

Map Unit Setting
Mean annual precipitation: 45 to 54 inches
Mean annual air temperature: 43 to 54 degrees F
Frost-free period: 145 to 240 days

Map Unit Composition
Haven and similar soils: 85 percent
Minor components: 15 percent

Description of Haven

Setting
Landform: Terraces, plains
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Tread, rise
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Friable loamy eolian deposits over loose sandy glaciofluvial

deposits

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high

(0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 3.9 inches)

Interpretive groups
Land capability (nonirrigated): 1

Typical profile
0 to 2 inches: Silt loam
2 to 32 inches: Gravelly loam
32 to 65 inches: Error

Custom Soil Resource Report
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Minor Components

Merrimac
Percent of map unit: 10 percent

Scio
Percent of map unit: 5 percent

305D—Paxton fine sandy loam, 15 to 25 percent slopes

Map Unit Setting
Mean annual precipitation: 45 to 54 inches
Mean annual air temperature: 43 to 54 degrees F
Frost-free period: 145 to 240 days

Map Unit Composition
Paxton and similar soils: 85 percent
Minor components: 15 percent

Description of Paxton

Setting
Landform: Hillslopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Convex
Parent material: Friable loamy eolian deposits over dense loamy lodgment till

derived from granite and gneiss

Properties and qualities
Slope: 15 to 25 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

high (0.00 to 0.20 in/hr)
Depth to water table: About 18 to 30 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Low (about 3.0 inches)

Interpretive groups
Land capability (nonirrigated): 4e

Typical profile
0 to 7 inches: Fine sandy loam
7 to 22 inches: Fine sandy loam
22 to 65 inches: Fine sandy loam

Custom Soil Resource Report
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Minor Components

Charlton
Percent of map unit: 8 percent

Montauk
Percent of map unit: 7 percent

602—Urban land

Map Unit Setting
Mean annual precipitation: 32 to 50 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 110 to 200 days

Map Unit Composition
Urban land: 85 percent
Minor components: 15 percent

Description of Urban Land

Setting
Parent material: Excavated and filled land

Minor Components

Udorthents
Percent of map unit: 10 percent

Rock outcrops
Percent of map unit: 5 percent

654—Udorthents, loamy

Map Unit Setting
Mean annual precipitation: 32 to 50 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 110 to 200 days

Map Unit Composition
Udorthents: 90 percent
Minor components: 10 percent

Custom Soil Resource Report

15



Description of Udorthents

Setting
Parent material: Loamy alluvium and/or sandy glaciofluvial deposits and/or loamy

glaciolacustrine deposits and/or loamy marine deposits and/or loamy basal till
and/or loamy lodgment till

Minor Components

Urban land
Percent of map unit: 10 percent

Custom Soil Resource Report
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TSS Removal Calculation Worksheet

Project Name: 125 Pennsylvania Ave. Sheet: 1 of 4

Project Number: 10734.00 Date: 16-Dec-2013

Location: Framingham, MA Computed by: MCJ

Discharge Point: 1 Checked by: C Man

Drainage Area(s): Back Parking lot/ Loading

A B C D E

BMP*

TSS Removal 

Rate*

Starting TSS 

Load**

Amount Removed 

(C*D)

Remaining Load    

(D-E)

Street Sweeping - 5% 

(Quarterly)
5% 1.00 0.05 0.95

Bioretention Area 90% 0.95 0.86 0.10

0% 0.10 0.00 0.10

0% 0.10 0.00 0.10

0% 0.10 0.00 0.10

Treatment Train 

TSS Removal =
91%

* BMP and TSS Removal Rate Values from the MassDEP Stormwater Handbook Vol. 1. 

Removal rates for proprietary devices are from approved studies and/or manufacturer data 

(attach study or data source, or remove this sentence if not applicable). 

** Equals remaining load from previous BMP (E)

*** Stormceptor sizing calculation gives a TSS removal rate of 87%. To be conservative, 

80% removal is used for this calculation (Change name of device and the claimed removal 

rate shown on the calc. sheet. Remove this sentence if not applicable.

Vanasse Hangen Brustlin, Inc.
Consulting Engineers and Planners
99 High Street, 10th Floor
Boston, MA 02110
(617) 728-7777

\\vhb\proj\Boston\10734.00\reports\Stormwater Report\PennAve\TSS Removal Worksheet.xlsx





TSS Removal Calculation Worksheet

Project Name: 125 Pennsylvania Ave. Sheet: 2 of 4

Project Number: 10734.00 Date: 16-Dec-2013

Location: Framingham, MA Computed by: MCJ

Discharge Point: 1 Checked by: C Man

Drainage Area(s): Upper Parkign Level

A B C D E

BMP*

TSS Removal 

Rate*

Starting TSS 

Load**

Amount Removed 

(C*D)

Remaining Load    

(D-E)

VortSentry HS36G       

(Pre-Treatment)
52% 1.00 0.52 0.48

Street Sweeping - 5% 

(Quarterly)
5% 0.48 0.02 0.46

Subsurface Infiltration 

Structure
80% 0.46 0.36 0.09

0% 0.09 0.00 0.09

0% 0.09 0.00 0.09

Treatment Train 

TSS Removal =
91%

* BMP and TSS Removal Rate Values from the MassDEP Stormwater Handbook Vol. 1. 

Removal rates for proprietary devices are from approved studies and/or manufacturer data 

(attach study or data source, or remove this sentence if not applicable). 

** Equals remaining load from previous BMP (E)

*** Stormceptor sizing calculation gives a TSS removal rate of 87%. To be conservative, 

80% removal is used for this calculation (Change name of device and the claimed removal 

rate shown on the calc. sheet. Remove this sentence if not applicable.

Vanasse Hangen Brustlin, Inc.
Consulting Engineers and Planners
99 High Street, 10th Floor
Boston, MA 02110
(617) 728-7777

\\vhb\proj\Boston\10734.00\reports\Stormwater Report\PennAve\TSS Removal Worksheet.xlsx





Design Ratio 1 =

Rainfall Intensity Flow Rate Operating Rate 2 % Total Rainfall Rmvl. Effcy 4 Rel. Effcy 
"/hr cfs cfs/ft 3 Depth 3 (%) (%)
0.02 0.00 0.00012 10.2% 98.0% 10.0%
0.04 0.01 0.00023 9.6% 98.0% 9.5%
0.06 0.01 0.00035 9.4% 98.0% 9.3%
0.08 0.01 0.00046 7.7% 98.0% 7.6%
0.10 0.02 0.00058 8.6% 98.0% 8.4%
0.12 0.02 0.00069 6.3% 98.0% 6.2%
0.14 0.02 0.00081 4.7% 98.0% 4.6%
0.16 0.02 0.00092 4.6% 98.0% 4.5%
0.18 0.03 0.00104 3.5% 98.0% 3.5%
0.20 0.03 0.00115 4.3% 98.0% 4.3%
0.25 0.04 0.00144 8.0% 98.0% 7.8%
0.30 0.05 0.00173 5.6% 98.0% 5.5%
0.35 0.05 0.00202 4.4% 98.0% 4.3%
0.40 0.06 0.00231 2.5% 98.0% 2.5%
0.45 0.07 0.00260 2.5% 98.0% 2.5%
0.50 0.08 0.00289 1.4% 98.0% 1.4%
0.75 0.11 0.00433 5.0% 98.0% 4.9%
1.00 0.15 0.00577 1.0% 98.0% 1.0%
1.50 0.23 0.00866 0.0% 97.8% 0.0%
2.00 0.31 0.01154 0.0% 93.0% 0.0%
3.00 0.46 0.01732 0.5% 88.4% 0.4%

98.0%
0.0%
6.5%
91.5%

1 - Design Ratio = (Total Drainage Area x Runoff Coefficient)  / VortSentry HS Treatment Volume
     = The Total Drainage Area and Runoff Coefficient are specified by the site engineer.
2 - Operating Rate (cfs/ft3) = Rainfall Intensity ("/hr) x Design Ratio
3 - Based on 10 years of hourly precipitation data from NCDC Station 770, Boston WSFO AP, Suffolk County, MA

Calculated by:    JAG   Date: 12/20/13 Checked by: Date:  

% rain falling at >0''/hr =
Removal Efficiency Adjustment 4 =

4 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

Predicted Net Annual Load Removal Efficiency =

System  WQU

=  0.0060.17 acres  x  0.9
27 ft3

VortSentry ® HS Estimated Net Annual TSS Reduction

CROSSROADS CORPORATE CENTER
FRAMINGHAM, MA

Model VSHS36

Based on an Average Particle Size of 240 Microns





Design Ratio 1 =

Rainfall Intensity Flow Rate Operating Rate 2 % Total Rainfall Rmvl. Effcy 4 Rel. Effcy 
"/hr cfs cfs/ft 3 Depth 3 (%) (%)
0.02 0.01 0.00026 10.2% 98.0% 10.0%
0.04 0.01 0.00053 9.6% 98.0% 9.5%
0.06 0.02 0.00079 9.4% 98.0% 9.3%
0.08 0.03 0.00106 7.7% 98.0% 7.6%
0.10 0.04 0.00132 8.6% 98.0% 8.4%
0.12 0.04 0.00159 6.3% 98.0% 6.2%
0.14 0.05 0.00185 4.7% 98.0% 4.6%
0.16 0.06 0.00212 4.6% 98.0% 4.5%
0.18 0.06 0.00238 3.5% 98.0% 3.5%
0.20 0.07 0.00265 4.3% 98.0% 4.3%
0.25 0.09 0.00331 8.0% 98.0% 7.8%
0.30 0.11 0.00397 5.6% 98.0% 5.5%
0.35 0.12 0.00463 4.4% 98.0% 4.3%
0.40 0.14 0.00530 2.5% 98.0% 2.5%
0.45 0.16 0.00596 2.5% 98.0% 2.5%
0.50 0.18 0.00662 1.4% 98.0% 1.4%
0.75 0.26 0.00993 5.0% 95.7% 4.8%
1.00 0.35 0.01324 0.8% 89.6% 0.7%
1.50 0.53 0.01986 0.0% 83.3% 0.0%
2.00 0.70 0.02648 0.0% 67.7% 0.0%
3.00 1.05 0.03973 0.5% 25.3% 0.1%

97.3%
0.2%
6.5%
90.8%

1 - Design Ratio = (Total Drainage Area x Runoff Coefficient)  / VortSentry HS Treatment Volume
     = The Total Drainage Area and Runoff Coefficient are specified by the site engineer.
2 - Operating Rate (cfs/ft3) = Rainfall Intensity ("/hr) x Design Ratio
3 - Based on 10 years of hourly precipitation data from NCDC Station 770, Boston WSFO AP, Suffolk County, MA

Calculated by:    JAG   Date: 12/20/13 Checked by: Date:  

% rain falling at >0''/hr =
Removal Efficiency Adjustment 4 =

4 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

Predicted Net Annual Load Removal Efficiency =

System  WQU 2

=  0.0130.39 acres  x  0.9
27 ft3

VortSentry ® HS Estimated Net Annual TSS Reduction

CROSSROADS CORPORATE CENTER
FRAMINGHAM, MA

Model VSHS36

Based on an Average Particle Size of 240 Microns





TSS Removal Calculation Worksheet

Project Name: 125 Pennsylvania Ave. Sheet: 3 of 4

Project Number: 10734.00 Date: 16-Dec-2013

Location: Framingham, MA Computed by: MCJ

Discharge Point: 1 Checked by: C Man

Drainage Area(s): Lower Level Parking

A B C D E

BMP*

TSS Removal 

Rate*

Starting TSS 

Load**

Amount Removed 

(C*D)

Remaining Load    

(D-E)

Street Sweeping - 5% 

(Quarterly)
5% 1.00 0.05 0.95

Deep Sump and Hooded 

Catch Basin
25% 0.95 0.24 0.71

CDS 2015-4 &5 52% 0.71 0.37 0.34

Subsurface Infiltration 

Structure
80% 0.34 0.27 0.07

0% 0.07 0.00 0.07

Treatment Train 

TSS Removal =
93%

* BMP and TSS Removal Rate Values from the MassDEP Stormwater Handbook Vol. 1. 

Removal rates for proprietary devices are from approved studies and/or manufacturer data 

(attach study or data source, or remove this sentence if not applicable). 

** Equals remaining load from previous BMP (E)

*** Stormceptor sizing calculation gives a TSS removal rate of 87%. To be conservative, 

80% removal is used for this calculation (Change name of device and the claimed removal 

rate shown on the calc. sheet. Remove this sentence if not applicable.

Vanasse Hangen Brustlin, Inc.
Consulting Engineers and Planners
99 High Street, 10th Floor
Boston, MA 02110
(617) 728-7777
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Area 1.92 acres CDS Model
Weighted C 0.90  2025-5 110 microns
Tc 5 minutes CDS Treatment Capacity 1.6 cfs

3.2 cfs
Rainfall 

Intensity1 

(in/hr)

Percent 
Rainfall 
Volume1

Cumulative 
Rainfall 
Volume

Total 
Flowrate 

(cfs)
Treated Flowrate (cfs)

Removal 
Efficiency 

(%)

Incremental 
Removal (%)

0.02 10.2% 10.2% 0.03 0.03 100.0 10.2
0.04 9.6% 19.8% 0.07 0.07 100.0 9.6
0.06 9.4% 29.3% 0.10 0.10 99.8 9.4
0.08 7.7% 37.0% 0.14 0.14 99.3 7.7
0.10 8.6% 45.6% 0.17 0.17 98.8 8.5
0.12 6.3% 51.9% 0.21 0.21 98.3 6.2
0.14 4.7% 56.5% 0.24 0.24 97.8 4.6
0.16 4.6% 61.2% 0.28 0.28 97.3 4.5
0.18 3.5% 64.7% 0.31 0.31 96.8 3.4
0.20 4.3% 69.1% 0.35 0.35 96.2 4.2
0.25 8.0% 77.1% 0.43 0.43 95.0 7.6
0.30 5.6% 82.7% 0.52 0.52 93.7 5.2
0.35 4.4% 87.0% 0.60 0.60 92.4 4.0
0.40 2.5% 89.5% 0.69 0.69 91.1 2.3
0.45 2.5% 92.1% 0.78 0.78 89.8 2.3
0.50 1.4% 93.5% 0.86 0.86 88.6 1.2
0.75 5.0% 98.5% 1.30 1.30 82.1 4.1
1.00 1.0% 99.5% 1.73 1.73 75.7 0.8
1.50 0.0% 99.5% 2.59 2.59 62.9 0.0
2.00 0.0% 99.5% 3.46 3.20 49.9 0.0
3.00 0.5% 100.0% 5.18 3.20 33.3 0.2

96.0
6.5%
93.4%
89.6%

1 - Based on 10 years of hourly precipitation data from NCDC Station 770, Boston WSFO AP, Suffolk County, MA
2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

BASED ON THE RATIONAL RAINFALL METHOD

for SYSTEM: WQU 3

CDS ESTIMATED NET ANNUAL TSS REDUCTION

CROSSROADS CORPORATE CENTER
FRAMINGHAM, MA

Predicted Net Annual Load Removal Efficiency = 

BASED ON AN AVERAGE PARTICLE SIZE OF 110 MICRONS

Removal Efficiency Adjustment2 = 
Predicted % Annual Rainfall Treated = 





Area 0.44 acres CDS Model
Weighted C 0.90  2015-4 110 microns
Tc 5 minutes CDS Treatment Capacity 0.7 cfs

1.4 cfs
Rainfall 

Intensity1 

(in/hr)

Percent 
Rainfall 
Volume1

Cumulative 
Rainfall 
Volume

Total 
Flowrate 

(cfs)
Treated Flowrate (cfs)

Removal 
Efficiency 

(%)

Incremental 
Removal (%)

0.02 10.2% 10.2% 0.01 0.01 100.0 10.2
0.04 9.6% 19.8% 0.02 0.02 100.0 9.6
0.06 9.4% 29.3% 0.02 0.02 100.0 9.4
0.08 7.7% 37.0% 0.03 0.03 100.0 7.7
0.10 8.6% 45.6% 0.04 0.04 100.0 8.6
0.12 6.3% 51.9% 0.05 0.05 99.8 6.3
0.14 4.7% 56.5% 0.06 0.06 99.5 4.6
0.16 4.6% 61.2% 0.06 0.06 99.2 4.6
0.18 3.5% 64.7% 0.07 0.07 99.0 3.5
0.20 4.3% 69.1% 0.08 0.08 98.7 4.3
0.25 8.0% 77.1% 0.10 0.10 98.0 7.8
0.30 5.6% 82.7% 0.12 0.12 97.3 5.4
0.35 4.4% 87.0% 0.14 0.14 96.7 4.2
0.40 2.5% 89.5% 0.16 0.16 96.0 2.4
0.45 2.5% 92.1% 0.18 0.18 95.3 2.4
0.50 1.4% 93.5% 0.20 0.20 94.7 1.3
0.75 5.0% 98.5% 0.30 0.30 91.3 4.6
1.00 1.0% 99.5% 0.40 0.40 87.9 0.9
1.50 0.0% 99.5% 0.59 0.59 81.2 0.0
2.00 0.0% 99.5% 0.79 0.79 74.5 0.0
3.00 0.5% 100.0% 1.19 1.19 61.1 0.3

98.3
6.5%
93.5%
91.9%

1 - Based on 10 years of hourly precipitation data from NCDC Station 770, Boston WSFO AP, Suffolk County, MA
2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

BASED ON THE RATIONAL RAINFALL METHOD

for SYSTEM: WQU 4

CDS ESTIMATED NET ANNUAL TSS REDUCTION

CROSSROADS CORPORATE CENTER
FRAMINGHAM, MA

Predicted Net Annual Load Removal Efficiency = 

BASED ON AN AVERAGE PARTICLE SIZE OF 110 MICRONS

Removal Efficiency Adjustment2 = 
Predicted % Annual Rainfall Treated = 





TSS Removal Calculation Worksheet

Project Name: 125 Pennsylvania Ave. Sheet: 4 of 4

Project Number: 10734.00 Date: 16-Dec-2013

Location: Framingham, MA Computed by: MCJ

Discharge Point: 2 Checked by: C Man

Drainage Area(s): Building/Frontage

A B C D E

BMP*

TSS Removal 

Rate*

Starting TSS 

Load**

Amount Removed 

(C*D)

Remaining Load    

(D-E)

Rain Garden 90% 1.00 0.90 0.10

0% 0.10 0.00 0.10

0% 0.10 0.00 0.10

0% 0.10 0.00 0.10

0% 0.10 0.00 0.10

Treatment Train 

TSS Removal =
90%

* BMP and TSS Removal Rate Values from the MassDEP Stormwater Handbook Vol. 1. 

Removal rates for proprietary devices are from approved studies and/or manufacturer data 

(attach study or data source, or remove this sentence if not applicable). 

** Equals remaining load from previous BMP (E)

*** Stormceptor sizing calculation gives a TSS removal rate of 87%. To be conservative, 

80% removal is used for this calculation (Change name of device and the claimed removal 

rate shown on the calc. sheet. Remove this sentence if not applicable.

Vanasse Hangen Brustlin, Inc.
Consulting Engineers and Planners
99 High Street, 10th Floor
Boston, MA 02110
(617) 728-7777

\\vhb\proj\Boston\10734.00\reports\Stormwater Report\PennAve\TSS Removal Worksheet.xlsx
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HydroCAD Analysis: Existing Conditions 





S1

S1

S2

S2

S3

S3

1L

(new Link)

Routing Diagram for 1073400-ex
Prepared by {enter your company name here},  Printed 12/16/2013

HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}

Page 2HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

4.070 79 50-75% Grass cover, Fair, HSG C  (S1, S2, S3)

5.337 98 Paved parking & roofs  (S1, S2, S3)

0.620 73 Woods, Fair, HSG C  (S1, S3)

10.027 89 TOTAL AREA



Type III 24-hr  2-year Rainfall=3.10"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}

Page 3HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Time span=0.00-30.00 hrs, dt=0.01 hrs, 3001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=7.980 ac   59.41% Impervious   Runoff Depth=2.08"Subcatchment S1: S1
   Flow Length=830'   Slope=0.1200 '/'   Tc=9.9 min   CN=90   Runoff=16.88 cfs  1.381 af

Runoff Area=0.670 ac   82.09% Impervious   Runoff Depth=2.55"Subcatchment S2: S2
   Flow Length=150'   Slope=0.0100 '/'   Tc=3.4 min   CN=95   Runoff=2.08 cfs  0.142 af

Runoff Area=59,995 sf   3.35% Impervious   Runoff Depth=1.26"Subcatchment S3: S3
   Flow Length=420'   Slope=0.4000 '/'   Tc=2.2 min   CN=79   Runoff=2.30 cfs  0.145 af

Link 1L: (new Link)
   Primary=0.00 cfs  0.000 af

Total Runoff Area = 10.027 ac   Runoff Volume = 1.668 af   Average Runoff Depth = 2.00"
46.77% Pervious = 4.690 ac     53.23% Impervious = 5.337 ac



Type III 24-hr  2-year Rainfall=3.10"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}

Page 4HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment S1: S1

Runoff = 16.88 cfs @ 12.14 hrs,  Volume= 1.381 af,  Depth= 2.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (ac) CN Description

2.210 98 Paved parking & roofs
2.531 98 Paved parking & roofs
0.470 73 Woods, Fair, HSG C
2.769 79 50-75% Grass cover, Fair, HSG C

7.980 90 Weighted Average
3.239 40.59% Pervious Area
4.741 59.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Parking
0.8 400 8.00 Direct Entry, Pipe
4.1 430 0.1200 1.73 Shallow Concentrated Flow, Channel Flow

Woodland   Kv= 5.0 fps

9.9 830 Total

Subcatchment S1: S1

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=7.980 ac

Runoff Volume=1.381 af

Runoff Depth=2.08"

Flow Length=830'

Slope=0.1200 '/'

Tc=9.9 min

CN=90

16.88 cfs



Type III 24-hr  2-year Rainfall=3.10"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}

Page 5HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment S2: S2

Runoff = 2.08 cfs @ 12.05 hrs,  Volume= 0.142 af,  Depth= 2.55"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (ac) CN Description

0.420 98 Paved parking & roofs
0.130 98 Paved parking & roofs
0.120 79 50-75% Grass cover, Fair, HSG C

0.670 95 Weighted Average
0.120 17.91% Pervious Area
0.550 82.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.8 40 0.0100 0.87 Sheet Flow, Section 1
Smooth surfaces   n= 0.011   P2= 3.20"

2.6 110 0.0100 0.70 Shallow Concentrated Flow, Channel
Short Grass Pasture   Kv= 7.0 fps

3.4 150 Total

Subcatchment S2: S2

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

2

1

0

Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=0.670 ac

Runoff Volume=0.142 af

Runoff Depth=2.55"

Flow Length=150'

Slope=0.0100 '/'

Tc=3.4 min

CN=95

2.08 cfs



Type III 24-hr  2-year Rainfall=3.10"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}

Page 6HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment S3: S3

Runoff = 2.30 cfs @ 12.04 hrs,  Volume= 0.145 af,  Depth= 1.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

6,534 73 Woods, Fair, HSG C
51,452 79 50-75% Grass cover, Fair, HSG C
2,009 98 Paved parking & roofs

59,995 79 Weighted Average
57,986 96.65% Pervious Area
2,009 3.35% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Channel Flow
Woodland   Kv= 5.0 fps

Subcatchment S3: S3

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

2

1

0

Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=59,995 sf

Runoff Volume=0.145 af

Runoff Depth=1.26"

Flow Length=420'

Slope=0.4000 '/'

Tc=2.2 min

CN=79

2.30 cfs



Type III 24-hr  2-year Rainfall=3.10"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}
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Summary for Link 1L: (new Link)

[43] Hint: Has no inflow (Outflow=Zero)

Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Primary outflow = Inflow, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Link 1L: (new Link)

Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

1

0

0.00 cfs



Type III 24-hr  10-year Rainfall=4.60"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}
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Time span=0.00-30.00 hrs, dt=0.01 hrs, 3001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=7.980 ac   59.41% Impervious   Runoff Depth=3.49"Subcatchment S1: S1
   Flow Length=830'   Slope=0.1200 '/'   Tc=9.9 min   CN=90   Runoff=27.85 cfs  2.322 af

Runoff Area=0.670 ac   82.09% Impervious   Runoff Depth=4.02"Subcatchment S2: S2
   Flow Length=150'   Slope=0.0100 '/'   Tc=3.4 min   CN=95   Runoff=3.20 cfs  0.225 af

Runoff Area=59,995 sf   3.35% Impervious   Runoff Depth=2.46"Subcatchment S3: S3
   Flow Length=420'   Slope=0.4000 '/'   Tc=2.2 min   CN=79   Runoff=4.57 cfs  0.282 af

Link 1L: (new Link)
   Primary=0.00 cfs  0.000 af

Total Runoff Area = 10.027 ac   Runoff Volume = 2.829 af   Average Runoff Depth = 3.39"
46.77% Pervious = 4.690 ac     53.23% Impervious = 5.337 ac



Type III 24-hr  10-year Rainfall=4.60"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}
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Summary for Subcatchment S1: S1

Runoff = 27.85 cfs @ 12.13 hrs,  Volume= 2.322 af,  Depth= 3.49"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (ac) CN Description

2.210 98 Paved parking & roofs
2.531 98 Paved parking & roofs
0.470 73 Woods, Fair, HSG C
2.769 79 50-75% Grass cover, Fair, HSG C

7.980 90 Weighted Average
3.239 40.59% Pervious Area
4.741 59.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Parking
0.8 400 8.00 Direct Entry, Pipe
4.1 430 0.1200 1.73 Shallow Concentrated Flow, Channel Flow

Woodland   Kv= 5.0 fps

9.9 830 Total

Subcatchment S1: S1

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=7.980 ac

Runoff Volume=2.322 af

Runoff Depth=3.49"

Flow Length=830'

Slope=0.1200 '/'

Tc=9.9 min

CN=90

27.85 cfs
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Summary for Subcatchment S2: S2

Runoff = 3.20 cfs @ 12.05 hrs,  Volume= 0.225 af,  Depth= 4.02"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (ac) CN Description

0.420 98 Paved parking & roofs
0.130 98 Paved parking & roofs
0.120 79 50-75% Grass cover, Fair, HSG C

0.670 95 Weighted Average
0.120 17.91% Pervious Area
0.550 82.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.8 40 0.0100 0.87 Sheet Flow, Section 1
Smooth surfaces   n= 0.011   P2= 3.20"

2.6 110 0.0100 0.70 Shallow Concentrated Flow, Channel
Short Grass Pasture   Kv= 7.0 fps

3.4 150 Total

Subcatchment S2: S2

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=0.670 ac

Runoff Volume=0.225 af

Runoff Depth=4.02"

Flow Length=150'

Slope=0.0100 '/'

Tc=3.4 min

CN=95

3.20 cfs
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Summary for Subcatchment S3: S3

Runoff = 4.57 cfs @ 12.03 hrs,  Volume= 0.282 af,  Depth= 2.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

6,534 73 Woods, Fair, HSG C
51,452 79 50-75% Grass cover, Fair, HSG C
2,009 98 Paved parking & roofs

59,995 79 Weighted Average
57,986 96.65% Pervious Area
2,009 3.35% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Channel Flow
Woodland   Kv= 5.0 fps

Subcatchment S3: S3

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

5

4

3

2

1

0

Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=59,995 sf

Runoff Volume=0.282 af

Runoff Depth=2.46"

Flow Length=420'

Slope=0.4000 '/'

Tc=2.2 min

CN=79

4.57 cfs



Type III 24-hr  10-year Rainfall=4.60"1073400-ex
  Printed  12/16/2013Prepared by {enter your company name here}

Page 12HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Link 1L: (new Link)

[43] Hint: Has no inflow (Outflow=Zero)

Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Primary outflow = Inflow, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Link 1L: (new Link)

Primary

Hydrograph

Time  (hours)
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Time span=0.00-30.00 hrs, dt=0.01 hrs, 3001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=7.980 ac   59.41% Impervious   Runoff Depth=4.36"Subcatchment S1: S1
   Flow Length=830'   Slope=0.1200 '/'   Tc=9.9 min   CN=90   Runoff=34.39 cfs  2.899 af

Runoff Area=0.670 ac   82.09% Impervious   Runoff Depth=4.92"Subcatchment S2: S2
   Flow Length=150'   Slope=0.0100 '/'   Tc=3.4 min   CN=95   Runoff=3.87 cfs  0.274 af

Runoff Area=59,995 sf   3.35% Impervious   Runoff Depth=3.24"Subcatchment S3: S3
   Flow Length=420'   Slope=0.4000 '/'   Tc=2.2 min   CN=79   Runoff=6.00 cfs  0.371 af

Link 1L: (new Link)
   Primary=0.00 cfs  0.000 af

Total Runoff Area = 10.027 ac   Runoff Volume = 3.545 af   Average Runoff Depth = 4.24"
46.77% Pervious = 4.690 ac     53.23% Impervious = 5.337 ac
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Summary for Subcatchment S1: S1

Runoff = 34.39 cfs @ 12.13 hrs,  Volume= 2.899 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (ac) CN Description

2.210 98 Paved parking & roofs
2.531 98 Paved parking & roofs
0.470 73 Woods, Fair, HSG C
2.769 79 50-75% Grass cover, Fair, HSG C

7.980 90 Weighted Average
3.239 40.59% Pervious Area
4.741 59.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Parking
0.8 400 8.00 Direct Entry, Pipe
4.1 430 0.1200 1.73 Shallow Concentrated Flow, Channel Flow

Woodland   Kv= 5.0 fps

9.9 830 Total

Subcatchment S1: S1

Runoff
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=7.980 ac

Runoff Volume=2.899 af

Runoff Depth=4.36"

Flow Length=830'

Slope=0.1200 '/'

Tc=9.9 min

CN=90

34.39 cfs
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Summary for Subcatchment S2: S2

Runoff = 3.87 cfs @ 12.05 hrs,  Volume= 0.274 af,  Depth= 4.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (ac) CN Description

0.420 98 Paved parking & roofs
0.130 98 Paved parking & roofs
0.120 79 50-75% Grass cover, Fair, HSG C

0.670 95 Weighted Average
0.120 17.91% Pervious Area
0.550 82.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.8 40 0.0100 0.87 Sheet Flow, Section 1
Smooth surfaces   n= 0.011   P2= 3.20"

2.6 110 0.0100 0.70 Shallow Concentrated Flow, Channel
Short Grass Pasture   Kv= 7.0 fps

3.4 150 Total

Subcatchment S2: S2

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=0.670 ac

Runoff Volume=0.274 af

Runoff Depth=4.92"

Flow Length=150'

Slope=0.0100 '/'

Tc=3.4 min

CN=95

3.87 cfs
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Summary for Subcatchment S3: S3

Runoff = 6.00 cfs @ 12.03 hrs,  Volume= 0.371 af,  Depth= 3.24"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

6,534 73 Woods, Fair, HSG C
51,452 79 50-75% Grass cover, Fair, HSG C
2,009 98 Paved parking & roofs

59,995 79 Weighted Average
57,986 96.65% Pervious Area
2,009 3.35% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Channel Flow
Woodland   Kv= 5.0 fps

Subcatchment S3: S3

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=59,995 sf

Runoff Volume=0.371 af

Runoff Depth=3.24"

Flow Length=420'

Slope=0.4000 '/'

Tc=2.2 min

CN=79

6.00 cfs
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Summary for Link 1L: (new Link)

[43] Hint: Has no inflow (Outflow=Zero)

Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Primary outflow = Inflow, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Link 1L: (new Link)

Primary

Hydrograph

Time  (hours)
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Time span=0.00-30.00 hrs, dt=0.01 hrs, 3001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=7.980 ac   59.41% Impervious   Runoff Depth=5.43"Subcatchment S1: S1
   Flow Length=830'   Slope=0.1200 '/'   Tc=9.9 min   CN=90   Runoff=42.34 cfs  3.612 af

Runoff Area=0.670 ac   82.09% Impervious   Runoff Depth=6.01"Subcatchment S2: S2
   Flow Length=150'   Slope=0.0100 '/'   Tc=3.4 min   CN=95   Runoff=4.68 cfs  0.335 af

Runoff Area=59,995 sf   3.35% Impervious   Runoff Depth=4.22"Subcatchment S3: S3
   Flow Length=420'   Slope=0.4000 '/'   Tc=2.2 min   CN=79   Runoff=7.78 cfs  0.484 af

Link 1L: (new Link)
   Primary=0.00 cfs  0.000 af

Total Runoff Area = 10.027 ac   Runoff Volume = 4.432 af   Average Runoff Depth = 5.30"
46.77% Pervious = 4.690 ac     53.23% Impervious = 5.337 ac
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Summary for Subcatchment S1: S1

Runoff = 42.34 cfs @ 12.13 hrs,  Volume= 3.612 af,  Depth= 5.43"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (ac) CN Description

2.210 98 Paved parking & roofs
2.531 98 Paved parking & roofs
0.470 73 Woods, Fair, HSG C
2.769 79 50-75% Grass cover, Fair, HSG C

7.980 90 Weighted Average
3.239 40.59% Pervious Area
4.741 59.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, Parking
0.8 400 8.00 Direct Entry, Pipe
4.1 430 0.1200 1.73 Shallow Concentrated Flow, Channel Flow

Woodland   Kv= 5.0 fps

9.9 830 Total

Subcatchment S1: S1

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=7.980 ac

Runoff Volume=3.612 af

Runoff Depth=5.43"

Flow Length=830'

Slope=0.1200 '/'

Tc=9.9 min

CN=90

42.34 cfs
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Summary for Subcatchment S2: S2

Runoff = 4.68 cfs @ 12.05 hrs,  Volume= 0.335 af,  Depth= 6.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (ac) CN Description

0.420 98 Paved parking & roofs
0.130 98 Paved parking & roofs
0.120 79 50-75% Grass cover, Fair, HSG C

0.670 95 Weighted Average
0.120 17.91% Pervious Area
0.550 82.09% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

0.8 40 0.0100 0.87 Sheet Flow, Section 1
Smooth surfaces   n= 0.011   P2= 3.20"

2.6 110 0.0100 0.70 Shallow Concentrated Flow, Channel
Short Grass Pasture   Kv= 7.0 fps

3.4 150 Total

Subcatchment S2: S2

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=0.670 ac

Runoff Volume=0.335 af

Runoff Depth=6.01"

Flow Length=150'

Slope=0.0100 '/'

Tc=3.4 min

CN=95

4.68 cfs
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Summary for Subcatchment S3: S3

Runoff = 7.78 cfs @ 12.03 hrs,  Volume= 0.484 af,  Depth= 4.22"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

6,534 73 Woods, Fair, HSG C
51,452 79 50-75% Grass cover, Fair, HSG C
2,009 98 Paved parking & roofs

59,995 79 Weighted Average
57,986 96.65% Pervious Area
2,009 3.35% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Channel Flow
Woodland   Kv= 5.0 fps

Subcatchment S3: S3

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=59,995 sf

Runoff Volume=0.484 af

Runoff Depth=4.22"

Flow Length=420'

Slope=0.4000 '/'

Tc=2.2 min

CN=79

7.78 cfs
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Summary for Link 1L: (new Link)

[43] Hint: Has no inflow (Outflow=Zero)

Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Primary outflow = Inflow, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Link 1L: (new Link)

Primary

Hydrograph

Time  (hours)
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HydroCAD Analysis: Proposed Conditions 
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

2.425 74 >75% Grass cover, Good, HSG C  (2, 3, 5, 6, 8, 9)

0.075 74 >75% Grass cover, Good, HSG C/Int LA  (4)

0.280 74 >75% Grass cover, Good, HSG C/LA north  (4)

0.093 98 Paved Driveway, HSG C  (9)

3.773 98 Paved parking, HSG C  (2, 3, 4, 5, 11)

1.924 98 Roofs, HSG C  (1, 7)

1.437 73 Woods, Fair, HSG C  (10)

10.007 88 TOTAL AREA
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=55,869 sf   100.00% Impervious   Runoff Depth=2.87"Subcatchment 1: Building
   Tc=10.0 min   CN=98   Runoff=3.38 cfs  0.307 af

Runoff Area=31,419 sf   67.58% Impervious   Runoff Depth=2.08"Subcatchment 2: Back Lot/LA
   Tc=5.0 min   CN=90   Runoff=1.80 cfs  0.125 af

Runoff Area=44,557 sf   91.54% Impervious   Runoff Depth=2.65"Subcatchment 3: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=3.07 cfs  0.226 af

Runoff Area=49,545 sf   68.78% Impervious   Runoff Depth=2.16"Subcatchment 4: Paved Lot/LA
   Tc=5.0 min   CN=91   Runoff=2.95 cfs  0.205 af

Runoff Area=65,440 sf   92.74% Impervious   Runoff Depth=2.65"Subcatchment 5: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=4.51 cfs  0.332 af

Runoff Area=71,141 sf   0.00% Impervious   Runoff Depth=0.97"Subcatchment 6: LA South
   Flow Length=550'   Tc=9.6 min   CN=74   Runoff=1.54 cfs  0.132 af

Runoff Area=27,935 sf   100.00% Impervious   Runoff Depth=2.87"Subcatchment 7: Building
   Tc=10.0 min   CN=98   Runoff=1.69 cfs  0.153 af

Runoff Area=14,620 sf   0.00% Impervious   Runoff Depth=0.97"Subcatchment 8: LA Area
   Flow Length=50'   Slope=0.0100 '/'   Tc=7.4 min   CN=74   Runoff=0.34 cfs  0.027 af

Runoff Area=5,216 sf   77.76% Impervious   Runoff Depth=2.35"Subcatchment 9: Paved Lot
   Tc=5.0 min   CN=93   Runoff=0.33 cfs  0.023 af

Runoff Area=62,614 sf   0.00% Impervious   Runoff Depth=0.92"Subcatchment 10: Wooded Area
   Flow Length=470'   Tc=6.4 min   CN=73   Runoff=1.42 cfs  0.110 af

Runoff Area=7,547 sf   100.00% Impervious   Runoff Depth=2.87"Subcatchment 11: Paved Lot
   Tc=5.0 min   CN=98   Runoff=0.54 cfs  0.041 af

Peak Elev=255.00'  Storage=2,115 cf   Inflow=2.03 cfs  0.180 afPond 1P: Surface Detention
   Primary=0.00 cfs  0.000 af   Secondary=0.59 cfs  0.180 af   Outflow=0.59 cfs  0.180 af

Peak Elev=254.50'  Storage=3,048 cf   Inflow=4.92 cfs  0.431 afPond 2P: Surface Detention
   Primary=1.60 cfs  0.045 af   Secondary=2.02 cfs  0.387 af   Outflow=3.62 cfs  0.431 af

Peak Elev=250.50'  Storage=2,491 cf   Inflow=0.59 cfs  0.180 afPond 4P: Stone Storage
   Discarded=0.07 cfs  0.121 af   Primary=0.24 cfs  0.059 af   Outflow=0.31 cfs  0.180 af

Peak Elev=228.62'  Storage=3,778 cf   Inflow=7.46 cfs  0.537 afPond 5P: Galley
   Discarded=0.02 cfs  0.073 af   Primary=7.39 cfs  0.448 af   Outflow=7.41 cfs  0.521 af

Peak Elev=251.63'  Storage=2,477 cf   Inflow=2.02 cfs  0.387 afPond 6P: Stone Storage
   Discarded=0.05 cfs  0.133 af   Primary=1.89 cfs  0.229 af   Outflow=1.94 cfs  0.361 af
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Peak Elev=251.24'  Storage=0.146 af   Inflow=5.80 cfs  0.541 afPond 7P: Galley
   Discarded=0.03 cfs  0.119 af   Primary=5.50 cfs  0.384 af   Outflow=5.53 cfs  0.504 af

Peak Elev=0.00'  Storage=0.000 afPond 18P: Rainwater Tank
   Primary=0.00 cfs  0.000 af

   Inflow=12.40 cfs  0.964 afLink DP1: Reservoir
   Primary=12.40 cfs  0.964 af

   Inflow=0.33 cfs  0.083 afLink DP2: Penn Avenue
   Primary=0.33 cfs  0.083 af

   Inflow=1.42 cfs  0.110 afLink DP3: Swale (Existing)
   Primary=1.42 cfs  0.110 af

   Inflow=13.84 cfs  1.157 afLink Site: Total Site
   Primary=13.84 cfs  1.157 af

   Inflow=0.54 cfs  0.041 afLink wqu: 450 i
   Primary=0.54 cfs  0.041 af

Total Runoff Area = 10.007 ac   Runoff Volume = 1.682 af   Average Runoff Depth = 2.02"
42.14% Pervious = 4.217 ac     57.86% Impervious = 5.790 ac
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Summary for Subcatchment 1: Building

Runoff = 3.38 cfs @ 12.13 hrs,  Volume= 0.307 af,  Depth= 2.87"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

55,869 98 Roofs, HSG C

55,869 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 1: Building

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=55,869 sf

Runoff Volume=0.307 af

Runoff Depth=2.87"

Tc=10.0 min

CN=98

3.38 cfs
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Summary for Subcatchment 2: Back Lot/LA

Runoff = 1.80 cfs @ 12.07 hrs,  Volume= 0.125 af,  Depth= 2.08"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

21,234 98 Paved parking, HSG C
10,185 74 >75% Grass cover, Good, HSG C

31,419 90 Weighted Average
10,185 32.42% Pervious Area
21,234 67.58% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 2: Back Lot/LA

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=31,419 sf

Runoff Volume=0.125 af

Runoff Depth=2.08"

Tc=5.0 min

CN=90

1.80 cfs
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Summary for Subcatchment 3: Paved Lot/LA

Runoff = 3.07 cfs @ 12.07 hrs,  Volume= 0.226 af,  Depth= 2.65"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

40,788 98 Paved parking, HSG C
3,769 74 >75% Grass cover, Good, HSG C

44,557 96 Weighted Average
3,769 8.46% Pervious Area

40,788 91.54% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 3: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=44,557 sf

Runoff Volume=0.226 af

Runoff Depth=2.65"

Tc=5.0 min

CN=96

3.07 cfs
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Summary for Subcatchment 4: Paved Lot/LA

Runoff = 2.95 cfs @ 12.07 hrs,  Volume= 0.205 af,  Depth= 2.16"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

34,076 98 Paved parking, HSG C
* 3,279 74 >75% Grass cover, Good, HSG C/Int LA
* 12,190 74 >75% Grass cover, Good, HSG C/LA north

49,545 91 Weighted Average
15,469 31.22% Pervious Area
34,076 68.78% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 4: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=49,545 sf

Runoff Volume=0.205 af

Runoff Depth=2.16"

Tc=5.0 min

CN=91

2.95 cfs



Type III 24-hr  2-year Rainfall=3.10"1073400-pr
  Printed  12/16/2013Prepared by {enter your company name here}

Page 9HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment 5: Paved Lot/LA

Runoff = 4.51 cfs @ 12.07 hrs,  Volume= 0.332 af,  Depth= 2.65"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

60,688 98 Paved parking, HSG C
4,752 74 >75% Grass cover, Good, HSG C

65,440 96 Weighted Average
4,752 7.26% Pervious Area

60,688 92.74% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=65,440 sf

Runoff Volume=0.332 af

Runoff Depth=2.65"

Tc=5.0 min

CN=96

4.51 cfs
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Summary for Subcatchment 6: LA South

Runoff = 1.54 cfs @ 12.15 hrs,  Volume= 0.132 af,  Depth= 0.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

71,141 74 >75% Grass cover, Good, HSG C

71,141 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 50 0.1000 0.28 Sheet Flow, Grass/Wooded Area
Grass: Short   n= 0.150   P2= 3.20"

6.0 400 0.0500 1.12 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

0.6 100 0.3000 2.74 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

9.6 550 Total

Subcatchment 6: LA South

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=71,141 sf

Runoff Volume=0.132 af

Runoff Depth=0.97"

Flow Length=550'

Tc=9.6 min

CN=74

1.54 cfs
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Summary for Subcatchment 7: Building

Runoff = 1.69 cfs @ 12.13 hrs,  Volume= 0.153 af,  Depth= 2.87"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

27,935 98 Roofs, HSG C

27,935 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 7: Building

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=27,935 sf

Runoff Volume=0.153 af

Runoff Depth=2.87"

Tc=10.0 min

CN=98

1.69 cfs
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Summary for Subcatchment 8: LA Area

Runoff = 0.34 cfs @ 12.11 hrs,  Volume= 0.027 af,  Depth= 0.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

14,620 74 >75% Grass cover, Good, HSG C

14,620 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.4 50 0.0100 0.11 Sheet Flow, Grass Area
Grass: Short   n= 0.150   P2= 3.20"

Subcatchment 8: LA Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=14,620 sf

Runoff Volume=0.027 af

Runoff Depth=0.97"

Flow Length=50'

Slope=0.0100 '/'

Tc=7.4 min

CN=74

0.34 cfs
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Summary for Subcatchment 9: Paved Lot

Runoff = 0.33 cfs @ 12.07 hrs,  Volume= 0.023 af,  Depth= 2.35"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

* 4,056 98 Paved Driveway, HSG C
1,160 74 >75% Grass cover, Good, HSG C

5,216 93 Weighted Average
1,160 22.24% Pervious Area
4,056 77.76% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 9: Paved Lot

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=5,216 sf

Runoff Volume=0.023 af

Runoff Depth=2.35"

Tc=5.0 min

CN=93

0.33 cfs
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Summary for Subcatchment 10: Wooded Area

Runoff = 1.42 cfs @ 12.10 hrs,  Volume= 0.110 af,  Depth= 0.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

62,614 73 Woods, Fair, HSG C

62,614 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.2 50 0.3000 0.20 Sheet Flow, Wooded Area
Woods: Light underbrush   n= 0.400   P2= 3.20"

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Wooded Area
Woodland   Kv= 5.0 fps

6.4 470 Total

Subcatchment 10: Wooded Area

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=62,614 sf

Runoff Volume=0.110 af

Runoff Depth=0.92"

Flow Length=470'

Tc=6.4 min

CN=73

1.42 cfs
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Summary for Subcatchment 11: Paved Lot

Runoff = 0.54 cfs @ 12.07 hrs,  Volume= 0.041 af,  Depth= 2.87"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-year Rainfall=3.10"

Area (sf) CN Description

7,547 98 Paved parking, HSG C

7,547 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 11: Paved Lot

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

2-year Rainfall=3.10"

Runoff Area=7,547 sf

Runoff Volume=0.041 af

Runoff Depth=2.87"

Tc=5.0 min

CN=98

0.54 cfs
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Summary for Pond 1P: Surface Detention

Inflow Area = 0.977 ac, 65.64% Impervious,  Inflow Depth = 2.22"    for  2-year event
Inflow = 2.03 cfs @ 12.13 hrs,  Volume= 0.180 af
Outflow = 0.59 cfs @ 12.52 hrs,  Volume= 0.180 af,  Atten= 71%,  Lag= 23.1 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 0.59 cfs @ 12.52 hrs,  Volume= 0.180 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 255.00' @ 12.52 hrs   Surf.Area= 2,758 sf   Storage= 2,115 cf
Flood Elev= 257.00'   Surf.Area= 5,368 sf   Storage= 10,203 cf

Plug-Flow detention time= 34.6 min calculated for 0.180 af (100% of inflow)
Center-of-Mass det. time= 34.5 min ( 811.1 - 776.5 )

Volume Invert Avail.Storage Storage Description

#1 254.00' 10,203 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

254.00 1,548 396.2 0 0 1,548
255.00 2,764 415.0 2,127 2,127 2,828
256.00 4,038 433.9 3,381 5,508 4,173
256.50 4,696 443.3 2,181 7,689 4,865
257.00 5,368 452.7 2,514 10,203 5,572

Device Routing     Invert Outlet Devices

#1 Primary 256.00' 12.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#2 Primary 255.25' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Secondary 254.60' 4.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Secondary 254.00' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=254.00'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.59 cfs @ 12.52 hrs  HW=255.00'   (Free Discharge)
3=Orifice/Grate  (Orifice Controls 0.26 cfs @ 3.03 fps)
4=Exfiltration  (Exfiltration Controls 0.33 cfs)
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Pond 1P: Surface Detention

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Inflow Area=0.977 ac

Peak Elev=255.00'

Storage=2,115 cf

2.03 cfs

0.59 cfs

0.00 cfs

0.59 cfs
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Summary for Pond 2P: Surface Detention

Inflow Area = 2.004 ac, 88.33% Impervious,  Inflow Depth = 2.58"    for  2-year event
Inflow = 4.92 cfs @ 12.11 hrs,  Volume= 0.431 af
Outflow = 3.62 cfs @ 12.21 hrs,  Volume= 0.431 af,  Atten= 26%,  Lag= 6.2 min
Primary = 1.60 cfs @ 12.21 hrs,  Volume= 0.045 af
Secondary = 2.02 cfs @ 12.21 hrs,  Volume= 0.387 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 254.50' @ 12.21 hrs   Surf.Area= 3,594 sf   Storage= 3,048 cf

Plug-Flow detention time= 16.5 min calculated for 0.431 af (100% of inflow)
Center-of-Mass det. time= 16.5 min ( 790.7 - 774.2 )

Volume Invert Avail.Storage Storage Description

#1 253.50' 9,744 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

253.50 2,486 280.0 0 0 2,486
254.00 3,039 317.8 1,379 1,379 4,290
255.00 4,186 386.5 3,597 4,976 8,157
256.00 5,374 405.3 4,768 9,744 9,406

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 254.33' 18.0" Vert. Orifice/Grate    C= 0.600   
#3 Primary 254.16' 12.0" Vert. Orifice/Grate    C= 0.600   
#4 Primary 254.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#5 Secondary 253.90' 8.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#6 Secondary 253.50' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=1.60 cfs @ 12.21 hrs  HW=254.50'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  (Orifice Controls 0.16 cfs @ 1.42 fps)
3=Orifice/Grate  (Orifice Controls 0.48 cfs @ 2.00 fps)
4=Orifice/Grate  (Orifice Controls 0.96 cfs @ 2.42 fps)

Secondary OutFlow  Max=2.02 cfs @ 12.21 hrs  HW=254.50'   (Free Discharge)
5=Orifice/Grate  (Orifice Controls 1.31 cfs @ 3.74 fps)
6=Exfiltration  (Exfiltration Controls 0.71 cfs)
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Pond 2P: Surface Detention

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
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Inflow Area=2.004 ac

Peak Elev=254.50'

Storage=3,048 cf

4.92 cfs

3.62 cfs

1.60 cfs

2.02 cfs
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Summary for Pond 4P: Stone Storage

Inflow = 0.59 cfs @ 12.52 hrs,  Volume= 0.180 af
Outflow = 0.31 cfs @ 13.54 hrs,  Volume= 0.180 af,  Atten= 47%,  Lag= 61.2 min
Discarded = 0.07 cfs @ 13.54 hrs,  Volume= 0.121 af
Primary = 0.24 cfs @ 13.54 hrs,  Volume= 0.059 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 250.50' @ 13.54 hrs   Surf.Area= 3,771 sf   Storage= 2,491 cf

Plug-Flow detention time= 199.2 min calculated for 0.180 af (100% of inflow)
Center-of-Mass det. time= 199.2 min ( 1,010.3 - 811.1 )

Volume Invert Avail.Storage Storage Description

#1A 250.50' 583 cf ADS N-12  12  x 36  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 4,367 cf 20.84'W x 181.00'L x 3.71'H Field A
13,987 cf Overall - 754 cf Embedded = 13,233 cf  x 33.0% Voids

4,950 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.50' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.50' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 250.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.07 cfs @ 13.54 hrs  HW=250.50'   (Free Discharge)
4=Exfiltration  ( Controls 0.07 cfs)

Primary OutFlow  Max=0.24 cfs @ 13.54 hrs  HW=250.50'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)
2=Sharp-Crested Vee/Trap Weir  (Weir Controls 0.00 cfs @ 0.09 fps)
3=Orifice/Grate  (Orifice Controls 0.24 cfs @ 2.78 fps)
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Pond 4P: Stone Storage
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Summary for Pond 5P: Galley

Inflow Area = 2.640 ac, 82.41% Impervious,  Inflow Depth = 2.44"    for  2-year event
Inflow = 7.46 cfs @ 12.07 hrs,  Volume= 0.537 af
Outflow = 7.41 cfs @ 12.08 hrs,  Volume= 0.521 af,  Atten= 1%,  Lag= 0.5 min
Discarded = 0.02 cfs @ 12.08 hrs,  Volume= 0.073 af
Primary = 7.39 cfs @ 12.08 hrs,  Volume= 0.448 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 228.62' @ 12.08 hrs   Surf.Area= 1,300 sf   Storage= 3,778 cf

Plug-Flow detention time= 155.8 min calculated for 0.521 af (97% of inflow)
Center-of-Mass det. time= 137.8 min ( 922.8 - 785.0 )

Volume Invert Avail.Storage Storage Description

#1A 224.30' 2,661 cf Galley 4x4x4  x 60  Inside #2
Inside= 42.0"W x 43.0"H => 12.67 sf x 3.50'L = 44.3 cf
Outside= 52.8"W x 48.0"H => 14.72 sf x 4.00'L = 58.9 cf

#2A 223.30' 1,623 cf 26.00'W x 50.00'L x 6.50'H Field A
8,450 cf Overall - 3,533 cf Embedded = 4,917 cf  x 33.0% Voids

4,283 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 228.30' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 227.30' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 226.50' 6.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 223.30' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.02 cfs @ 12.08 hrs  HW=228.62'   (Free Discharge)
4=Exfiltration  ( Controls 0.02 cfs)

Primary OutFlow  Max=7.38 cfs @ 12.08 hrs  HW=228.62'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 2.36 cfs @ 1.86 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 3.74 cfs @ 3.74 fps)
3=Orifice/Grate  (Orifice Controls 1.29 cfs @ 6.59 fps)
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Pond 5P: Galley
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Summary for Pond 6P: Stone Storage

[93] Warning: Storage range exceeded by 0.42'

Inflow = 2.02 cfs @ 12.21 hrs,  Volume= 0.387 af
Outflow = 1.94 cfs @ 12.21 hrs,  Volume= 0.361 af,  Atten= 4%,  Lag= 0.0 min
Discarded = 0.05 cfs @ 12.21 hrs,  Volume= 0.133 af
Primary = 1.89 cfs @ 12.21 hrs,  Volume= 0.229 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 251.63' @ 12.21 hrs   Surf.Area= 2,521 sf   Storage= 2,477 cf

Plug-Flow detention time= 226.7 min calculated for 0.361 af (93% of inflow)
Center-of-Mass det. time= 191.5 min ( 988.3 - 796.8 )

Volume Invert Avail.Storage Storage Description

#1A 249.50' 389 cf ADS N-12  12  x 24  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 2,088 cf 20.84'W x 121.00'L x 2.71'H Field A
6,829 cf Overall - 502 cf Embedded = 6,327 cf  x 33.0% Voids

2,477 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 18.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.05 cfs @ 12.21 hrs  HW=251.63'   (Free Discharge)
2=Exfiltration  ( Controls 0.05 cfs)

Primary OutFlow  Max=1.89 cfs @ 12.21 hrs  HW=251.63'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.89 cfs @ 2.70 fps)
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Pond 6P: Stone Storage
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Summary for Pond 7P: Galley

[79] Warning: Submerged Pond 6P Primary device # 1 by 0.24'

Inflow Area = 3.200 ac, 89.99% Impervious,  Inflow Depth = 2.03"    for  2-year event
Inflow = 5.80 cfs @ 12.10 hrs,  Volume= 0.541 af
Outflow = 5.53 cfs @ 12.16 hrs,  Volume= 0.504 af,  Atten= 5%,  Lag= 3.5 min
Discarded = 0.03 cfs @ 12.16 hrs,  Volume= 0.119 af
Primary = 5.50 cfs @ 12.16 hrs,  Volume= 0.384 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 251.24' @ 12.16 hrs   Surf.Area= 0.050 ac   Storage= 0.146 af

Plug-Flow detention time= 254.9 min calculated for 0.504 af (93% of inflow)
Center-of-Mass det. time= 223.0 min ( 1,014.1 - 791.1 )

Volume Invert Avail.Storage Storage Description

#1A 247.00' 0.106 af Galley 4x4x4.25  x 100  Inside #2
Inside= 42.2"W x 45.0"H => 13.25 sf x 3.50'L = 46.4 cf
Outside= 54.0"W x 51.0"H => 15.58 sf x 4.00'L = 62.3 cf

#2A 246.00' 0.064 af 26.50'W x 82.00'L x 6.75'H Field A
0.337 af Overall - 0.143 af Embedded = 0.194 af  x 33.0% Voids

0.170 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.00' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 249.50' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 246.00' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.03 cfs @ 12.16 hrs  HW=251.24'   (Free Discharge)
4=Exfiltration  ( Controls 0.03 cfs)

Primary OutFlow  Max=5.48 cfs @ 12.16 hrs  HW=251.24'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 1.49 cfs @ 1.59 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 3.46 cfs @ 3.46 fps)
3=Orifice/Grate  (Orifice Controls 0.53 cfs @ 6.03 fps)
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Pond 7P: Galley
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Summary for Pond 18P: Rainwater Tank

[43] Hint: Has no inflow (Outflow=Zero)

Volume Invert Avail.Storage Storage Description

#1 248.50' 0.038 af 90.0"  Round Pipe Storage
L= 37.5'

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 8.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=0.00'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)

Pond 18P: Rainwater Tank
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Summary for Link DP1: Reservoir

Inflow Area = 7.473 ac, 67.65% Impervious,  Inflow Depth = 1.55"    for  2-year event
Inflow = 12.40 cfs @ 12.15 hrs,  Volume= 0.964 af
Primary = 12.40 cfs @ 12.15 hrs,  Volume= 0.964 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP1: Reservoir

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Inflow Area=7.473 ac

12.40 cfs12.40 cfs



Type III 24-hr  2-year Rainfall=3.10"1073400-pr
  Printed  12/16/2013Prepared by {enter your company name here}

Page 30HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Link DP2: Penn Avenue

Inflow Area = 1.097 ac, 66.97% Impervious,  Inflow Depth = 0.90"    for  2-year event
Inflow = 0.33 cfs @ 12.07 hrs,  Volume= 0.083 af
Primary = 0.33 cfs @ 12.07 hrs,  Volume= 0.083 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP2: Penn Avenue
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Summary for Link DP3: Swale (Existing)

Inflow Area = 1.437 ac, 0.00% Impervious,  Inflow Depth = 0.92"    for  2-year event
Inflow = 1.42 cfs @ 12.10 hrs,  Volume= 0.110 af
Primary = 1.42 cfs @ 12.10 hrs,  Volume= 0.110 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP3: Swale (Existing)
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Summary for Link Site: Total Site

Inflow Area = 10.007 ac, 57.86% Impervious,  Inflow Depth = 1.39"    for  2-year event
Inflow = 13.84 cfs @ 12.15 hrs,  Volume= 1.157 af
Primary = 13.84 cfs @ 12.15 hrs,  Volume= 1.157 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
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Summary for Link wqu: 450 i

Inflow Area = 0.173 ac,100.00% Impervious,  Inflow Depth = 2.87"    for  2-year event
Inflow = 0.54 cfs @ 12.07 hrs,  Volume= 0.041 af
Primary = 0.54 cfs @ 12.07 hrs,  Volume= 0.041 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link wqu: 450 i
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=55,869 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment 1: Building
   Tc=10.0 min   CN=98   Runoff=5.06 cfs  0.466 af

Runoff Area=31,419 sf   67.58% Impervious   Runoff Depth=3.49"Subcatchment 2: Back Lot/LA
   Tc=5.0 min   CN=90   Runoff=2.97 cfs  0.210 af

Runoff Area=44,557 sf   91.54% Impervious   Runoff Depth=4.14"Subcatchment 3: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=4.68 cfs  0.352 af

Runoff Area=49,545 sf   68.78% Impervious   Runoff Depth=3.59"Subcatchment 4: Paved Lot/LA
   Tc=5.0 min   CN=91   Runoff=4.78 cfs  0.341 af

Runoff Area=65,440 sf   92.74% Impervious   Runoff Depth=4.14"Subcatchment 5: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=6.87 cfs  0.518 af

Runoff Area=71,141 sf   0.00% Impervious   Runoff Depth=2.05"Subcatchment 6: LA South
   Flow Length=550'   Tc=9.6 min   CN=74   Runoff=3.43 cfs  0.279 af

Runoff Area=27,935 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment 7: Building
   Tc=10.0 min   CN=98   Runoff=2.53 cfs  0.233 af

Runoff Area=14,620 sf   0.00% Impervious   Runoff Depth=2.05"Subcatchment 8: LA Area
   Flow Length=50'   Slope=0.0100 '/'   Tc=7.4 min   CN=74   Runoff=0.76 cfs  0.057 af

Runoff Area=5,216 sf   77.76% Impervious   Runoff Depth=3.81"Subcatchment 9: Paved Lot
   Tc=5.0 min   CN=93   Runoff=0.52 cfs  0.038 af

Runoff Area=62,614 sf   0.00% Impervious   Runoff Depth=1.97"Subcatchment 10: Wooded Area
   Flow Length=470'   Tc=6.4 min   CN=73   Runoff=3.23 cfs  0.236 af

Runoff Area=7,547 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment 11: Paved Lot
   Tc=5.0 min   CN=98   Runoff=0.81 cfs  0.063 af

Peak Elev=255.45'  Storage=3,499 cf   Inflow=3.27 cfs  0.291 afPond 1P: Surface Detention
   Primary=0.42 cfs  0.015 af   Secondary=0.78 cfs  0.276 af   Outflow=1.21 cfs  0.291 af

Peak Elev=254.74'  Storage=3,936 cf   Inflow=7.59 cfs  0.676 afPond 2P: Surface Detention
   Primary=3.92 cfs  0.125 af   Secondary=2.36 cfs  0.551 af   Outflow=6.29 cfs  0.676 af

Peak Elev=250.86'  Storage=3,000 cf   Inflow=0.78 cfs  0.276 afPond 4P: Stone Storage
   Discarded=0.07 cfs  0.141 af   Primary=0.55 cfs  0.135 af   Outflow=0.62 cfs  0.276 af

Peak Elev=228.89'  Storage=3,892 cf   Inflow=11.65 cfs  0.858 afPond 5P: Galley
   Discarded=0.02 cfs  0.075 af   Primary=11.57 cfs  0.767 af   Outflow=11.59 cfs  0.842 af

Peak Elev=251.70'  Storage=2,477 cf   Inflow=2.36 cfs  0.551 afPond 6P: Stone Storage
   Discarded=0.05 cfs  0.140 af   Primary=2.31 cfs  0.411 af   Outflow=2.36 cfs  0.551 af
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Peak Elev=251.55'  Storage=0.151 af   Inflow=10.24 cfs  0.952 afPond 7P: Galley
   Discarded=0.03 cfs  0.124 af   Primary=10.15 cfs  0.789 af   Outflow=10.19 cfs  0.913 af

Peak Elev=0.00'  Storage=0.000 afPond 18P: Rainwater Tank
   Primary=0.00 cfs  0.000 af

   Inflow=24.35 cfs  1.835 afLink DP1: Reservoir
   Primary=24.35 cfs  1.835 af

   Inflow=0.70 cfs  0.188 afLink DP2: Penn Avenue
   Primary=0.70 cfs  0.188 af

   Inflow=3.23 cfs  0.236 afLink DP3: Swale (Existing)
   Primary=3.23 cfs  0.236 af

   Inflow=28.08 cfs  2.259 afLink Site: Total Site
   Primary=28.08 cfs  2.259 af

   Inflow=0.81 cfs  0.063 afLink wqu: 450 i
   Primary=0.81 cfs  0.063 af

Total Runoff Area = 10.007 ac   Runoff Volume = 2.794 af   Average Runoff Depth = 3.35"
42.14% Pervious = 4.217 ac     57.86% Impervious = 5.790 ac
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Summary for Subcatchment 1: Building

Runoff = 5.06 cfs @ 12.13 hrs,  Volume= 0.466 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

55,869 98 Roofs, HSG C

55,869 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 1: Building
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Summary for Subcatchment 2: Back Lot/LA

Runoff = 2.97 cfs @ 12.07 hrs,  Volume= 0.210 af,  Depth= 3.49"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

21,234 98 Paved parking, HSG C
10,185 74 >75% Grass cover, Good, HSG C

31,419 90 Weighted Average
10,185 32.42% Pervious Area
21,234 67.58% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 2: Back Lot/LA

Runoff
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=31,419 sf

Runoff Volume=0.210 af

Runoff Depth=3.49"

Tc=5.0 min

CN=90

2.97 cfs
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Summary for Subcatchment 3: Paved Lot/LA

Runoff = 4.68 cfs @ 12.07 hrs,  Volume= 0.352 af,  Depth= 4.14"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

40,788 98 Paved parking, HSG C
3,769 74 >75% Grass cover, Good, HSG C

44,557 96 Weighted Average
3,769 8.46% Pervious Area

40,788 91.54% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 3: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=44,557 sf

Runoff Volume=0.352 af

Runoff Depth=4.14"

Tc=5.0 min

CN=96

4.68 cfs
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Summary for Subcatchment 4: Paved Lot/LA

Runoff = 4.78 cfs @ 12.07 hrs,  Volume= 0.341 af,  Depth= 3.59"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

34,076 98 Paved parking, HSG C
* 3,279 74 >75% Grass cover, Good, HSG C/Int LA
* 12,190 74 >75% Grass cover, Good, HSG C/LA north

49,545 91 Weighted Average
15,469 31.22% Pervious Area
34,076 68.78% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 4: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=49,545 sf

Runoff Volume=0.341 af

Runoff Depth=3.59"

Tc=5.0 min

CN=91

4.78 cfs
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Summary for Subcatchment 5: Paved Lot/LA

Runoff = 6.87 cfs @ 12.07 hrs,  Volume= 0.518 af,  Depth= 4.14"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

60,688 98 Paved parking, HSG C
4,752 74 >75% Grass cover, Good, HSG C

65,440 96 Weighted Average
4,752 7.26% Pervious Area

60,688 92.74% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=65,440 sf

Runoff Volume=0.518 af

Runoff Depth=4.14"

Tc=5.0 min

CN=96

6.87 cfs
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Summary for Subcatchment 6: LA South

Runoff = 3.43 cfs @ 12.14 hrs,  Volume= 0.279 af,  Depth= 2.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

71,141 74 >75% Grass cover, Good, HSG C

71,141 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 50 0.1000 0.28 Sheet Flow, Grass/Wooded Area
Grass: Short   n= 0.150   P2= 3.20"

6.0 400 0.0500 1.12 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

0.6 100 0.3000 2.74 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

9.6 550 Total

Subcatchment 6: LA South

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

3

2

1

0

Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=71,141 sf

Runoff Volume=0.279 af

Runoff Depth=2.05"

Flow Length=550'

Tc=9.6 min

CN=74

3.43 cfs
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Summary for Subcatchment 7: Building

Runoff = 2.53 cfs @ 12.13 hrs,  Volume= 0.233 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

27,935 98 Roofs, HSG C

27,935 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 7: Building

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=27,935 sf

Runoff Volume=0.233 af

Runoff Depth=4.36"

Tc=10.0 min

CN=98

2.53 cfs
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Summary for Subcatchment 8: LA Area

Runoff = 0.76 cfs @ 12.11 hrs,  Volume= 0.057 af,  Depth= 2.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

14,620 74 >75% Grass cover, Good, HSG C

14,620 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.4 50 0.0100 0.11 Sheet Flow, Grass Area
Grass: Short   n= 0.150   P2= 3.20"

Subcatchment 8: LA Area

Runoff
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Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=14,620 sf

Runoff Volume=0.057 af

Runoff Depth=2.05"

Flow Length=50'

Slope=0.0100 '/'

Tc=7.4 min

CN=74

0.76 cfs
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Summary for Subcatchment 9: Paved Lot

Runoff = 0.52 cfs @ 12.07 hrs,  Volume= 0.038 af,  Depth= 3.81"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

* 4,056 98 Paved Driveway, HSG C
1,160 74 >75% Grass cover, Good, HSG C

5,216 93 Weighted Average
1,160 22.24% Pervious Area
4,056 77.76% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 9: Paved Lot

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=5,216 sf

Runoff Volume=0.038 af

Runoff Depth=3.81"

Tc=5.0 min

CN=93

0.52 cfs
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Summary for Subcatchment 10: Wooded Area

Runoff = 3.23 cfs @ 12.10 hrs,  Volume= 0.236 af,  Depth= 1.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

62,614 73 Woods, Fair, HSG C

62,614 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.2 50 0.3000 0.20 Sheet Flow, Wooded Area
Woods: Light underbrush   n= 0.400   P2= 3.20"

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Wooded Area
Woodland   Kv= 5.0 fps

6.4 470 Total

Subcatchment 10: Wooded Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=62,614 sf

Runoff Volume=0.236 af

Runoff Depth=1.97"

Flow Length=470'

Tc=6.4 min

CN=73

3.23 cfs
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Summary for Subcatchment 11: Paved Lot

Runoff = 0.81 cfs @ 12.07 hrs,  Volume= 0.063 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-year Rainfall=4.60"

Area (sf) CN Description

7,547 98 Paved parking, HSG C

7,547 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 11: Paved Lot

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-year Rainfall=4.60"

Runoff Area=7,547 sf

Runoff Volume=0.063 af

Runoff Depth=4.36"

Tc=5.0 min

CN=98

0.81 cfs
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Summary for Pond 1P: Surface Detention

Inflow Area = 0.977 ac, 65.64% Impervious,  Inflow Depth = 3.57"    for  10-year event
Inflow = 3.27 cfs @ 12.13 hrs,  Volume= 0.291 af
Outflow = 1.21 cfs @ 12.44 hrs,  Volume= 0.291 af,  Atten= 63%,  Lag= 18.7 min
Primary = 0.42 cfs @ 12.44 hrs,  Volume= 0.015 af
Secondary = 0.78 cfs @ 12.44 hrs,  Volume= 0.276 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 255.45' @ 12.44 hrs   Surf.Area= 3,310 sf   Storage= 3,499 cf
Flood Elev= 257.00'   Surf.Area= 5,368 sf   Storage= 10,203 cf

Plug-Flow detention time= 39.6 min calculated for 0.290 af (100% of inflow)
Center-of-Mass det. time= 39.6 min ( 810.4 - 770.9 )

Volume Invert Avail.Storage Storage Description

#1 254.00' 10,203 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

254.00 1,548 396.2 0 0 1,548
255.00 2,764 415.0 2,127 2,127 2,828
256.00 4,038 433.9 3,381 5,508 4,173
256.50 4,696 443.3 2,181 7,689 4,865
257.00 5,368 452.7 2,514 10,203 5,572

Device Routing     Invert Outlet Devices

#1 Primary 256.00' 12.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#2 Primary 255.25' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Secondary 254.60' 4.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Secondary 254.00' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=0.43 cfs @ 12.44 hrs  HW=255.45'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  (Orifice Controls 0.43 cfs @ 2.17 fps)

Secondary OutFlow  Max=0.78 cfs @ 12.44 hrs  HW=255.45'   (Free Discharge)
3=Orifice/Grate  (Orifice Controls 0.39 cfs @ 4.45 fps)
4=Exfiltration  (Exfiltration Controls 0.40 cfs)
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Pond 1P: Surface Detention

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
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Inflow Area=0.977 ac

Peak Elev=255.45'

Storage=3,499 cf

3.27 cfs

1.21 cfs

0.42 cfs

0.78 cfs
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Summary for Pond 2P: Surface Detention

Inflow Area = 2.004 ac, 88.33% Impervious,  Inflow Depth = 4.05"    for  10-year event
Inflow = 7.59 cfs @ 12.10 hrs,  Volume= 0.676 af
Outflow = 6.29 cfs @ 12.18 hrs,  Volume= 0.676 af,  Atten= 17%,  Lag= 4.5 min
Primary = 3.92 cfs @ 12.18 hrs,  Volume= 0.125 af
Secondary = 2.36 cfs @ 12.18 hrs,  Volume= 0.551 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 254.74' @ 12.18 hrs   Surf.Area= 3,872 sf   Storage= 3,936 cf

Plug-Flow detention time= 17.0 min calculated for 0.676 af (100% of inflow)
Center-of-Mass det. time= 17.0 min ( 782.4 - 765.4 )

Volume Invert Avail.Storage Storage Description

#1 253.50' 9,744 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

253.50 2,486 280.0 0 0 2,486
254.00 3,039 317.8 1,379 1,379 4,290
255.00 4,186 386.5 3,597 4,976 8,157
256.00 5,374 405.3 4,768 9,744 9,406

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 254.33' 18.0" Vert. Orifice/Grate    C= 0.600   
#3 Primary 254.16' 12.0" Vert. Orifice/Grate    C= 0.600   
#4 Primary 254.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#5 Secondary 253.90' 8.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#6 Secondary 253.50' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=3.92 cfs @ 12.18 hrs  HW=254.74'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  (Orifice Controls 0.86 cfs @ 2.18 fps)
3=Orifice/Grate  (Orifice Controls 1.23 cfs @ 2.60 fps)
4=Orifice/Grate  (Orifice Controls 1.83 cfs @ 2.93 fps)

Secondary OutFlow  Max=2.36 cfs @ 12.18 hrs  HW=254.74'   (Free Discharge)
5=Orifice/Grate  (Orifice Controls 1.54 cfs @ 4.42 fps)
6=Exfiltration  (Exfiltration Controls 0.82 cfs)
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Pond 2P: Surface Detention
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Inflow Area=2.004 ac

Peak Elev=254.74'

Storage=3,936 cf

7.59 cfs

6.29 cfs

3.92 cfs

2.36 cfs
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Summary for Pond 4P: Stone Storage

Inflow = 0.78 cfs @ 12.44 hrs,  Volume= 0.276 af
Outflow = 0.62 cfs @ 13.38 hrs,  Volume= 0.276 af,  Atten= 21%,  Lag= 56.5 min
Discarded = 0.07 cfs @ 13.38 hrs,  Volume= 0.141 af
Primary = 0.55 cfs @ 13.38 hrs,  Volume= 0.135 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 250.86' @ 13.38 hrs   Surf.Area= 3,771 sf   Storage= 3,000 cf

Plug-Flow detention time= 167.7 min calculated for 0.276 af (100% of inflow)
Center-of-Mass det. time= 167.7 min ( 981.4 - 813.7 )

Volume Invert Avail.Storage Storage Description

#1A 250.50' 583 cf ADS N-12  12  x 36  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 4,367 cf 20.84'W x 181.00'L x 3.71'H Field A
13,987 cf Overall - 754 cf Embedded = 13,233 cf  x 33.0% Voids

4,950 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.50' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.50' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 250.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.07 cfs @ 13.38 hrs  HW=250.86'   (Free Discharge)
4=Exfiltration  ( Controls 0.07 cfs)

Primary OutFlow  Max=0.55 cfs @ 13.38 hrs  HW=250.86'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)
2=Sharp-Crested Vee/Trap Weir  (Weir Controls 0.20 cfs @ 1.51 fps)
3=Orifice/Grate  (Orifice Controls 0.35 cfs @ 4.02 fps)
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Pond 4P: Stone Storage
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Peak Elev=250.86'

Storage=3,000 cf

0.78 cfs
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0.07 cfs

0.55 cfs
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Summary for Pond 5P: Galley

Inflow Area = 2.640 ac, 82.41% Impervious,  Inflow Depth = 3.90"    for  10-year event
Inflow = 11.65 cfs @ 12.07 hrs,  Volume= 0.858 af
Outflow = 11.59 cfs @ 12.08 hrs,  Volume= 0.842 af,  Atten= 0%,  Lag= 0.4 min
Discarded = 0.02 cfs @ 12.08 hrs,  Volume= 0.075 af
Primary = 11.57 cfs @ 12.08 hrs,  Volume= 0.767 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 228.89' @ 12.08 hrs   Surf.Area= 1,300 sf   Storage= 3,892 cf

Plug-Flow detention time= 106.7 min calculated for 0.842 af (98% of inflow)
Center-of-Mass det. time= 94.5 min ( 868.0 - 773.5 )

Volume Invert Avail.Storage Storage Description

#1A 224.30' 2,661 cf Galley 4x4x4  x 60  Inside #2
Inside= 42.0"W x 43.0"H => 12.67 sf x 3.50'L = 44.3 cf
Outside= 52.8"W x 48.0"H => 14.72 sf x 4.00'L = 58.9 cf

#2A 223.30' 1,623 cf 26.00'W x 50.00'L x 6.50'H Field A
8,450 cf Overall - 3,533 cf Embedded = 4,917 cf  x 33.0% Voids

4,283 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 228.30' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 227.30' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 226.50' 6.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 223.30' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.02 cfs @ 12.08 hrs  HW=228.89'   (Free Discharge)
4=Exfiltration  ( Controls 0.02 cfs)

Primary OutFlow  Max=11.56 cfs @ 12.08 hrs  HW=228.89'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 5.71 cfs @ 2.51 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 4.46 cfs @ 4.46 fps)
3=Orifice/Grate  (Orifice Controls 1.38 cfs @ 7.04 fps)
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Pond 5P: Galley
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Inflow Area=2.640 ac

Peak Elev=228.89'

Storage=3,892 cf

11.65 cfs11.59 cfs

0.02 cfs

11.57 cfs
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Summary for Pond 6P: Stone Storage

[93] Warning: Storage range exceeded by 0.49'

Inflow = 2.36 cfs @ 12.18 hrs,  Volume= 0.551 af
Outflow = 2.36 cfs @ 12.18 hrs,  Volume= 0.551 af,  Atten= 0%,  Lag= 0.0 min
Discarded = 0.05 cfs @ 12.18 hrs,  Volume= 0.140 af
Primary = 2.31 cfs @ 12.18 hrs,  Volume= 0.411 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 251.70' @ 12.18 hrs   Surf.Area= 2,521 sf   Storage= 2,477 cf

Plug-Flow detention time= 139.4 min calculated for 0.551 af (100% of inflow)
Center-of-Mass det. time= 138.6 min ( 931.5 - 793.0 )

Volume Invert Avail.Storage Storage Description

#1A 249.50' 389 cf ADS N-12  12  x 24  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 2,088 cf 20.84'W x 121.00'L x 2.71'H Field A
6,829 cf Overall - 502 cf Embedded = 6,327 cf  x 33.0% Voids

2,477 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 18.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.05 cfs @ 12.18 hrs  HW=251.70'   (Free Discharge)
2=Exfiltration  ( Controls 0.05 cfs)

Primary OutFlow  Max=2.31 cfs @ 12.18 hrs  HW=251.70'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 2.31 cfs @ 2.85 fps)
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Pond 6P: Stone Storage
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Summary for Pond 7P: Galley

[79] Warning: Submerged Pond 6P Primary device # 1 by 0.55'

Inflow Area = 3.200 ac, 89.99% Impervious,  Inflow Depth = 3.57"    for  10-year event
Inflow = 10.24 cfs @ 12.11 hrs,  Volume= 0.952 af
Outflow = 10.19 cfs @ 12.12 hrs,  Volume= 0.913 af,  Atten= 1%,  Lag= 0.8 min
Discarded = 0.03 cfs @ 12.12 hrs,  Volume= 0.124 af
Primary = 10.15 cfs @ 12.12 hrs,  Volume= 0.789 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 251.55' @ 12.12 hrs   Surf.Area= 0.050 ac   Storage= 0.151 af

Plug-Flow detention time= 156.8 min calculated for 0.913 af (96% of inflow)
Center-of-Mass det. time= 134.7 min ( 921.9 - 787.2 )

Volume Invert Avail.Storage Storage Description

#1A 247.00' 0.106 af Galley 4x4x4.25  x 100  Inside #2
Inside= 42.2"W x 45.0"H => 13.25 sf x 3.50'L = 46.4 cf
Outside= 54.0"W x 51.0"H => 15.58 sf x 4.00'L = 62.3 cf

#2A 246.00' 0.064 af 26.50'W x 82.00'L x 6.75'H Field A
0.337 af Overall - 0.143 af Embedded = 0.194 af  x 33.0% Voids

0.170 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.00' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 249.50' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 246.00' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.03 cfs @ 12.12 hrs  HW=251.55'   (Free Discharge)
4=Exfiltration  ( Controls 0.03 cfs)

Primary OutFlow  Max=10.14 cfs @ 12.12 hrs  HW=251.55'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 5.20 cfs @ 2.43 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 4.37 cfs @ 4.37 fps)
3=Orifice/Grate  (Orifice Controls 0.58 cfs @ 6.61 fps)
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Pond 7P: Galley
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Summary for Pond 18P: Rainwater Tank

[43] Hint: Has no inflow (Outflow=Zero)

Volume Invert Avail.Storage Storage Description

#1 248.50' 0.038 af 90.0"  Round Pipe Storage
L= 37.5'

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 8.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=0.00'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)

Pond 18P: Rainwater Tank
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Summary for Link DP1: Reservoir

Inflow Area = 7.473 ac, 67.65% Impervious,  Inflow Depth = 2.95"    for  10-year event
Inflow = 24.35 cfs @ 12.10 hrs,  Volume= 1.835 af
Primary = 24.35 cfs @ 12.10 hrs,  Volume= 1.835 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP1: Reservoir
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Summary for Link DP2: Penn Avenue

Inflow Area = 1.097 ac, 66.97% Impervious,  Inflow Depth = 2.05"    for  10-year event
Inflow = 0.70 cfs @ 12.50 hrs,  Volume= 0.188 af
Primary = 0.70 cfs @ 12.50 hrs,  Volume= 0.188 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP2: Penn Avenue
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Summary for Link DP3: Swale (Existing)

Inflow Area = 1.437 ac, 0.00% Impervious,  Inflow Depth = 1.97"    for  10-year event
Inflow = 3.23 cfs @ 12.10 hrs,  Volume= 0.236 af
Primary = 3.23 cfs @ 12.10 hrs,  Volume= 0.236 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP3: Swale (Existing)
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Summary for Link Site: Total Site

Inflow Area = 10.007 ac, 57.86% Impervious,  Inflow Depth = 2.71"    for  10-year event
Inflow = 28.08 cfs @ 12.10 hrs,  Volume= 2.259 af
Primary = 28.08 cfs @ 12.10 hrs,  Volume= 2.259 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link Site: Total Site
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Inflow Area=10.007 ac
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Summary for Link wqu: 450 i

Inflow Area = 0.173 ac,100.00% Impervious,  Inflow Depth = 4.36"    for  10-year event
Inflow = 0.81 cfs @ 12.07 hrs,  Volume= 0.063 af
Primary = 0.81 cfs @ 12.07 hrs,  Volume= 0.063 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link wqu: 450 i
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=55,869 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment 1: Building
   Tc=10.0 min   CN=98   Runoff=6.06 cfs  0.562 af

Runoff Area=31,419 sf   67.58% Impervious   Runoff Depth=4.36"Subcatchment 2: Back Lot/LA
   Tc=5.0 min   CN=90   Runoff=3.66 cfs  0.262 af

Runoff Area=44,557 sf   91.54% Impervious   Runoff Depth=5.03"Subcatchment 3: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=5.63 cfs  0.429 af

Runoff Area=49,545 sf   68.78% Impervious   Runoff Depth=4.47"Subcatchment 4: Paved Lot/LA
   Tc=5.0 min   CN=91   Runoff=5.87 cfs  0.424 af

Runoff Area=65,440 sf   92.74% Impervious   Runoff Depth=5.03"Subcatchment 5: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=8.27 cfs  0.630 af

Runoff Area=71,141 sf   0.00% Impervious   Runoff Depth=2.77"Subcatchment 6: LA South
   Flow Length=550'   Tc=9.6 min   CN=74   Runoff=4.68 cfs  0.377 af

Runoff Area=27,935 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment 7: Building
   Tc=10.0 min   CN=98   Runoff=3.03 cfs  0.281 af

Runoff Area=14,620 sf   0.00% Impervious   Runoff Depth=2.77"Subcatchment 8: LA Area
   Flow Length=50'   Slope=0.0100 '/'   Tc=7.4 min   CN=74   Runoff=1.04 cfs  0.077 af

Runoff Area=5,216 sf   77.76% Impervious   Runoff Depth=4.69"Subcatchment 9: Paved Lot
   Tc=5.0 min   CN=93   Runoff=0.64 cfs  0.047 af

Runoff Area=62,614 sf   0.00% Impervious   Runoff Depth=2.68"Subcatchment 10: Wooded Area
   Flow Length=470'   Tc=6.4 min   CN=73   Runoff=4.44 cfs  0.321 af

Runoff Area=7,547 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment 11: Paved Lot
   Tc=5.0 min   CN=98   Runoff=0.97 cfs  0.076 af

Peak Elev=255.69'  Storage=4,307 cf   Inflow=4.04 cfs  0.359 afPond 1P: Surface Detention
   Primary=0.62 cfs  0.036 af   Secondary=0.87 cfs  0.323 af   Outflow=1.50 cfs  0.359 af

Peak Elev=254.85'  Storage=4,378 cf   Inflow=9.19 cfs  0.825 afPond 2P: Surface Detention
   Primary=5.25 cfs  0.178 af   Secondary=2.52 cfs  0.646 af   Outflow=7.77 cfs  0.825 af

Peak Elev=250.92'  Storage=3,090 cf   Inflow=0.87 cfs  0.323 afPond 4P: Stone Storage
   Discarded=0.07 cfs  0.149 af   Primary=0.64 cfs  0.173 af   Outflow=0.72 cfs  0.323 af

Peak Elev=229.03'  Storage=3,952 cf   Inflow=14.14 cfs  1.053 afPond 5P: Galley
   Discarded=0.02 cfs  0.076 af   Primary=14.06 cfs  0.961 af   Outflow=14.08 cfs  1.037 af

Peak Elev=251.73'  Storage=2,477 cf   Inflow=2.52 cfs  0.646 afPond 6P: Stone Storage
   Discarded=0.05 cfs  0.142 af   Primary=2.48 cfs  0.517 af   Outflow=2.53 cfs  0.660 af
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Peak Elev=251.69'  Storage=0.153 af   Inflow=12.73 cfs  1.201 afPond 7P: Galley
   Discarded=0.03 cfs  0.126 af   Primary=12.64 cfs  1.036 af   Outflow=12.67 cfs  1.161 af

Peak Elev=0.00'  Storage=0.000 afPond 18P: Rainwater Tank
   Primary=0.00 cfs  0.000 af

   Inflow=30.42 cfs  2.374 afLink DP1: Reservoir
   Primary=30.42 cfs  2.374 af

   Inflow=1.10 cfs  0.256 afLink DP2: Penn Avenue
   Primary=1.10 cfs  0.256 af

   Inflow=4.44 cfs  0.321 afLink DP3: Swale (Existing)
   Primary=4.44 cfs  0.321 af

   Inflow=35.46 cfs  2.951 afLink Site: Total Site
   Primary=35.46 cfs  2.951 af

   Inflow=0.97 cfs  0.076 afLink wqu: 450 i
   Primary=0.97 cfs  0.076 af

Total Runoff Area = 10.007 ac   Runoff Volume = 3.486 af   Average Runoff Depth = 4.18"
42.14% Pervious = 4.217 ac     57.86% Impervious = 5.790 ac
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Summary for Subcatchment 1: Building

Runoff = 6.06 cfs @ 12.13 hrs,  Volume= 0.562 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

55,869 98 Roofs, HSG C

55,869 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 1: Building

Runoff
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=55,869 sf

Runoff Volume=0.562 af

Runoff Depth=5.26"

Tc=10.0 min

CN=98

6.06 cfs
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Summary for Subcatchment 2: Back Lot/LA

Runoff = 3.66 cfs @ 12.07 hrs,  Volume= 0.262 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

21,234 98 Paved parking, HSG C
10,185 74 >75% Grass cover, Good, HSG C

31,419 90 Weighted Average
10,185 32.42% Pervious Area
21,234 67.58% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 2: Back Lot/LA

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=31,419 sf

Runoff Volume=0.262 af

Runoff Depth=4.36"

Tc=5.0 min

CN=90

3.66 cfs
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Summary for Subcatchment 3: Paved Lot/LA

Runoff = 5.63 cfs @ 12.07 hrs,  Volume= 0.429 af,  Depth= 5.03"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

40,788 98 Paved parking, HSG C
3,769 74 >75% Grass cover, Good, HSG C

44,557 96 Weighted Average
3,769 8.46% Pervious Area

40,788 91.54% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 3: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=44,557 sf

Runoff Volume=0.429 af

Runoff Depth=5.03"

Tc=5.0 min

CN=96

5.63 cfs
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Summary for Subcatchment 4: Paved Lot/LA

Runoff = 5.87 cfs @ 12.07 hrs,  Volume= 0.424 af,  Depth= 4.47"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

34,076 98 Paved parking, HSG C
* 3,279 74 >75% Grass cover, Good, HSG C/Int LA
* 12,190 74 >75% Grass cover, Good, HSG C/LA north

49,545 91 Weighted Average
15,469 31.22% Pervious Area
34,076 68.78% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 4: Paved Lot/LA
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=49,545 sf

Runoff Volume=0.424 af

Runoff Depth=4.47"

Tc=5.0 min

CN=91

5.87 cfs
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Summary for Subcatchment 5: Paved Lot/LA

Runoff = 8.27 cfs @ 12.07 hrs,  Volume= 0.630 af,  Depth= 5.03"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

60,688 98 Paved parking, HSG C
4,752 74 >75% Grass cover, Good, HSG C

65,440 96 Weighted Average
4,752 7.26% Pervious Area

60,688 92.74% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5: Paved Lot/LA

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=65,440 sf

Runoff Volume=0.630 af

Runoff Depth=5.03"

Tc=5.0 min

CN=96

8.27 cfs
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Summary for Subcatchment 6: LA South

Runoff = 4.68 cfs @ 12.14 hrs,  Volume= 0.377 af,  Depth= 2.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

71,141 74 >75% Grass cover, Good, HSG C

71,141 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 50 0.1000 0.28 Sheet Flow, Grass/Wooded Area
Grass: Short   n= 0.150   P2= 3.20"

6.0 400 0.0500 1.12 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

0.6 100 0.3000 2.74 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

9.6 550 Total

Subcatchment 6: LA South

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=71,141 sf

Runoff Volume=0.377 af

Runoff Depth=2.77"

Flow Length=550'

Tc=9.6 min

CN=74

4.68 cfs
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Summary for Subcatchment 7: Building

Runoff = 3.03 cfs @ 12.13 hrs,  Volume= 0.281 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

27,935 98 Roofs, HSG C

27,935 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 7: Building

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=27,935 sf

Runoff Volume=0.281 af

Runoff Depth=5.26"

Tc=10.0 min

CN=98

3.03 cfs
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Summary for Subcatchment 8: LA Area

Runoff = 1.04 cfs @ 12.11 hrs,  Volume= 0.077 af,  Depth= 2.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

14,620 74 >75% Grass cover, Good, HSG C

14,620 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.4 50 0.0100 0.11 Sheet Flow, Grass Area
Grass: Short   n= 0.150   P2= 3.20"

Subcatchment 8: LA Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=14,620 sf

Runoff Volume=0.077 af

Runoff Depth=2.77"

Flow Length=50'

Slope=0.0100 '/'

Tc=7.4 min

CN=74

1.04 cfs
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Summary for Subcatchment 9: Paved Lot

Runoff = 0.64 cfs @ 12.07 hrs,  Volume= 0.047 af,  Depth= 4.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

* 4,056 98 Paved Driveway, HSG C
1,160 74 >75% Grass cover, Good, HSG C

5,216 93 Weighted Average
1,160 22.24% Pervious Area
4,056 77.76% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 9: Paved Lot

Runoff
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Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=5,216 sf

Runoff Volume=0.047 af

Runoff Depth=4.69"

Tc=5.0 min

CN=93

0.64 cfs
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Summary for Subcatchment 10: Wooded Area

Runoff = 4.44 cfs @ 12.10 hrs,  Volume= 0.321 af,  Depth= 2.68"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

62,614 73 Woods, Fair, HSG C

62,614 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.2 50 0.3000 0.20 Sheet Flow, Wooded Area
Woods: Light underbrush   n= 0.400   P2= 3.20"

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Wooded Area
Woodland   Kv= 5.0 fps

6.4 470 Total

Subcatchment 10: Wooded Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=62,614 sf

Runoff Volume=0.321 af

Runoff Depth=2.68"

Flow Length=470'

Tc=6.4 min

CN=73

4.44 cfs
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Summary for Subcatchment 11: Paved Lot

Runoff = 0.97 cfs @ 12.07 hrs,  Volume= 0.076 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-year Rainfall=5.50"

Area (sf) CN Description

7,547 98 Paved parking, HSG C

7,547 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 11: Paved Lot

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-year Rainfall=5.50"

Runoff Area=7,547 sf

Runoff Volume=0.076 af

Runoff Depth=5.26"

Tc=5.0 min

CN=98

0.97 cfs
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Summary for Pond 1P: Surface Detention

Inflow Area = 0.977 ac, 65.64% Impervious,  Inflow Depth = 4.41"    for  25-year event
Inflow = 4.04 cfs @ 12.12 hrs,  Volume= 0.359 af
Outflow = 1.50 cfs @ 12.44 hrs,  Volume= 0.359 af,  Atten= 63%,  Lag= 18.6 min
Primary = 0.62 cfs @ 12.44 hrs,  Volume= 0.036 af
Secondary = 0.87 cfs @ 12.44 hrs,  Volume= 0.323 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 255.69' @ 12.44 hrs   Surf.Area= 3,612 sf   Storage= 4,307 cf
Flood Elev= 257.00'   Surf.Area= 5,368 sf   Storage= 10,203 cf

Plug-Flow detention time= 40.2 min calculated for 0.359 af (100% of inflow)
Center-of-Mass det. time= 40.2 min ( 808.5 - 768.3 )

Volume Invert Avail.Storage Storage Description

#1 254.00' 10,203 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

254.00 1,548 396.2 0 0 1,548
255.00 2,764 415.0 2,127 2,127 2,828
256.00 4,038 433.9 3,381 5,508 4,173
256.50 4,696 443.3 2,181 7,689 4,865
257.00 5,368 452.7 2,514 10,203 5,572

Device Routing     Invert Outlet Devices

#1 Primary 256.00' 12.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#2 Primary 255.25' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Secondary 254.60' 4.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Secondary 254.00' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=0.62 cfs @ 12.44 hrs  HW=255.69'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  (Orifice Controls 0.62 cfs @ 3.18 fps)

Secondary OutFlow  Max=0.87 cfs @ 12.44 hrs  HW=255.69'   (Free Discharge)
3=Orifice/Grate  (Orifice Controls 0.44 cfs @ 5.02 fps)
4=Exfiltration  (Exfiltration Controls 0.43 cfs)
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Pond 1P: Surface Detention

Inflow
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Inflow Area=0.977 ac

Peak Elev=255.69'

Storage=4,307 cf

4.04 cfs

1.50 cfs

0.62 cfs

0.87 cfs
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Summary for Pond 2P: Surface Detention

Inflow Area = 2.004 ac, 88.33% Impervious,  Inflow Depth = 4.94"    for  25-year event
Inflow = 9.19 cfs @ 12.10 hrs,  Volume= 0.825 af
Outflow = 7.77 cfs @ 12.17 hrs,  Volume= 0.825 af,  Atten= 15%,  Lag= 4.2 min
Primary = 5.25 cfs @ 12.17 hrs,  Volume= 0.178 af
Secondary = 2.52 cfs @ 12.17 hrs,  Volume= 0.646 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 254.85' @ 12.17 hrs   Surf.Area= 4,007 sf   Storage= 4,378 cf

Plug-Flow detention time= 17.2 min calculated for 0.824 af (100% of inflow)
Center-of-Mass det. time= 17.2 min ( 779.0 - 761.8 )

Volume Invert Avail.Storage Storage Description

#1 253.50' 9,744 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

253.50 2,486 280.0 0 0 2,486
254.00 3,039 317.8 1,379 1,379 4,290
255.00 4,186 386.5 3,597 4,976 8,157
256.00 5,374 405.3 4,768 9,744 9,406

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 254.33' 18.0" Vert. Orifice/Grate    C= 0.600   
#3 Primary 254.16' 12.0" Vert. Orifice/Grate    C= 0.600   
#4 Primary 254.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#5 Secondary 253.90' 8.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#6 Secondary 253.50' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=5.25 cfs @ 12.17 hrs  HW=254.85'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  (Orifice Controls 1.35 cfs @ 2.46 fps)
3=Orifice/Grate  (Orifice Controls 1.65 cfs @ 2.84 fps)
4=Orifice/Grate  (Orifice Controls 2.25 cfs @ 3.15 fps)

Secondary OutFlow  Max=2.51 cfs @ 12.17 hrs  HW=254.85'   (Free Discharge)
5=Orifice/Grate  (Orifice Controls 1.64 cfs @ 4.70 fps)
6=Exfiltration  (Exfiltration Controls 0.87 cfs)



Type III 24-hr  25-year Rainfall=5.50"1073400-pr
  Printed  12/16/2013Prepared by {enter your company name here}

Page 81HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Pond 2P: Surface Detention
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Inflow Area=2.004 ac

Peak Elev=254.85'

Storage=4,378 cf

9.19 cfs

7.77 cfs

5.25 cfs

2.52 cfs
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Summary for Pond 4P: Stone Storage

Inflow = 0.87 cfs @ 12.44 hrs,  Volume= 0.323 af
Outflow = 0.72 cfs @ 13.13 hrs,  Volume= 0.323 af,  Atten= 18%,  Lag= 41.6 min
Discarded = 0.07 cfs @ 13.13 hrs,  Volume= 0.149 af
Primary = 0.64 cfs @ 13.13 hrs,  Volume= 0.173 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 250.92' @ 13.13 hrs   Surf.Area= 3,771 sf   Storage= 3,090 cf

Plug-Flow detention time= 157.7 min calculated for 0.323 af (100% of inflow)
Center-of-Mass det. time= 157.8 min ( 972.6 - 814.8 )

Volume Invert Avail.Storage Storage Description

#1A 250.50' 583 cf ADS N-12  12  x 36  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 4,367 cf 20.84'W x 181.00'L x 3.71'H Field A
13,987 cf Overall - 754 cf Embedded = 13,233 cf  x 33.0% Voids

4,950 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.50' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.50' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 250.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.07 cfs @ 13.13 hrs  HW=250.92'   (Free Discharge)
4=Exfiltration  ( Controls 0.07 cfs)

Primary OutFlow  Max=0.64 cfs @ 13.13 hrs  HW=250.92'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)
2=Sharp-Crested Vee/Trap Weir  (Weir Controls 0.28 cfs @ 1.61 fps)
3=Orifice/Grate  (Orifice Controls 0.36 cfs @ 4.17 fps)
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Pond 4P: Stone Storage
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Peak Elev=250.92'

Storage=3,090 cf
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Summary for Pond 5P: Galley

Inflow Area = 2.640 ac, 82.41% Impervious,  Inflow Depth = 4.79"    for  25-year event
Inflow = 14.14 cfs @ 12.07 hrs,  Volume= 1.053 af
Outflow = 14.08 cfs @ 12.08 hrs,  Volume= 1.037 af,  Atten= 0%,  Lag= 0.4 min
Discarded = 0.02 cfs @ 12.08 hrs,  Volume= 0.076 af
Primary = 14.06 cfs @ 12.08 hrs,  Volume= 0.961 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 229.03' @ 12.08 hrs   Surf.Area= 1,300 sf   Storage= 3,952 cf

Plug-Flow detention time= 90.5 min calculated for 1.036 af (98% of inflow)
Center-of-Mass det. time= 80.6 min ( 849.4 - 768.7 )

Volume Invert Avail.Storage Storage Description

#1A 224.30' 2,661 cf Galley 4x4x4  x 60  Inside #2
Inside= 42.0"W x 43.0"H => 12.67 sf x 3.50'L = 44.3 cf
Outside= 52.8"W x 48.0"H => 14.72 sf x 4.00'L = 58.9 cf

#2A 223.30' 1,623 cf 26.00'W x 50.00'L x 6.50'H Field A
8,450 cf Overall - 3,533 cf Embedded = 4,917 cf  x 33.0% Voids

4,283 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 228.30' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 227.30' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 226.50' 6.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 223.30' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.02 cfs @ 12.08 hrs  HW=229.03'   (Free Discharge)
4=Exfiltration  ( Controls 0.02 cfs)

Primary OutFlow  Max=14.04 cfs @ 12.08 hrs  HW=229.03'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 7.81 cfs @ 2.79 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 4.80 cfs @ 4.80 fps)
3=Orifice/Grate  (Orifice Controls 1.43 cfs @ 7.27 fps)
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Pond 5P: Galley
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Inflow Area=2.640 ac

Peak Elev=229.03'

Storage=3,952 cf

14.14 cfs14.08 cfs

0.02 cfs

14.06 cfs
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Summary for Pond 6P: Stone Storage

[93] Warning: Storage range exceeded by 0.52'
[88] Warning: Qout>Qin may require smaller dt or Finer Routing

Inflow = 2.52 cfs @ 12.17 hrs,  Volume= 0.646 af
Outflow = 2.53 cfs @ 12.17 hrs,  Volume= 0.660 af,  Atten= 0%,  Lag= 0.0 min
Discarded = 0.05 cfs @ 12.17 hrs,  Volume= 0.142 af
Primary = 2.48 cfs @ 12.17 hrs,  Volume= 0.517 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 251.73' @ 12.17 hrs   Surf.Area= 2,521 sf   Storage= 2,477 cf

Plug-Flow detention time= 94.1 min calculated for 0.646 af (100% of inflow)
Center-of-Mass det. time= 121.2 min ( 912.2 - 791.0 )

Volume Invert Avail.Storage Storage Description

#1A 249.50' 389 cf ADS N-12  12  x 24  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 2,088 cf 20.84'W x 121.00'L x 2.71'H Field A
6,829 cf Overall - 502 cf Embedded = 6,327 cf  x 33.0% Voids

2,477 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 18.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.05 cfs @ 12.17 hrs  HW=251.73'   (Free Discharge)
2=Exfiltration  ( Controls 0.05 cfs)

Primary OutFlow  Max=2.48 cfs @ 12.17 hrs  HW=251.73'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 2.48 cfs @ 2.91 fps)
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Pond 6P: Stone Storage
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Summary for Pond 7P: Galley

[79] Warning: Submerged Pond 6P Primary device # 1 by 0.69'

Inflow Area = 3.200 ac, 89.99% Impervious,  Inflow Depth = 4.50"    for  25-year event
Inflow = 12.73 cfs @ 12.10 hrs,  Volume= 1.201 af
Outflow = 12.67 cfs @ 12.12 hrs,  Volume= 1.161 af,  Atten= 0%,  Lag= 0.7 min
Discarded = 0.03 cfs @ 12.12 hrs,  Volume= 0.126 af
Primary = 12.64 cfs @ 12.12 hrs,  Volume= 1.036 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 251.69' @ 12.12 hrs   Surf.Area= 0.050 ac   Storage= 0.153 af

Plug-Flow detention time= 130.2 min calculated for 1.161 af (97% of inflow)
Center-of-Mass det. time= 111.9 min ( 896.3 - 784.4 )

Volume Invert Avail.Storage Storage Description

#1A 247.00' 0.106 af Galley 4x4x4.25  x 100  Inside #2
Inside= 42.2"W x 45.0"H => 13.25 sf x 3.50'L = 46.4 cf
Outside= 54.0"W x 51.0"H => 15.58 sf x 4.00'L = 62.3 cf

#2A 246.00' 0.064 af 26.50'W x 82.00'L x 6.75'H Field A
0.337 af Overall - 0.143 af Embedded = 0.194 af  x 33.0% Voids

0.170 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.00' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 249.50' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 246.00' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.03 cfs @ 12.12 hrs  HW=251.69'   (Free Discharge)
4=Exfiltration  ( Controls 0.03 cfs)

Primary OutFlow  Max=12.62 cfs @ 12.12 hrs  HW=251.69'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 7.30 cfs @ 2.72 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 4.72 cfs @ 4.72 fps)
3=Orifice/Grate  (Orifice Controls 0.60 cfs @ 6.86 fps)
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Pond 7P: Galley
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Inflow Area=3.200 ac

Peak Elev=251.69'
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Summary for Pond 18P: Rainwater Tank

[43] Hint: Has no inflow (Outflow=Zero)

Volume Invert Avail.Storage Storage Description

#1 248.50' 0.038 af 90.0"  Round Pipe Storage
L= 37.5'

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 8.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=0.00'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)

Pond 18P: Rainwater Tank
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Summary for Link DP1: Reservoir

Inflow Area = 7.473 ac, 67.65% Impervious,  Inflow Depth = 3.81"    for  25-year event
Inflow = 30.42 cfs @ 12.09 hrs,  Volume= 2.374 af
Primary = 30.42 cfs @ 12.09 hrs,  Volume= 2.374 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP1: Reservoir
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Summary for Link DP2: Penn Avenue

Inflow Area = 1.097 ac, 66.97% Impervious,  Inflow Depth = 2.80"    for  25-year event
Inflow = 1.10 cfs @ 12.72 hrs,  Volume= 0.256 af
Primary = 1.10 cfs @ 12.72 hrs,  Volume= 0.256 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP2: Penn Avenue
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Summary for Link DP3: Swale (Existing)

Inflow Area = 1.437 ac, 0.00% Impervious,  Inflow Depth = 2.68"    for  25-year event
Inflow = 4.44 cfs @ 12.10 hrs,  Volume= 0.321 af
Primary = 4.44 cfs @ 12.10 hrs,  Volume= 0.321 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP3: Swale (Existing)
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Summary for Link Site: Total Site

Inflow Area = 10.007 ac, 57.86% Impervious,  Inflow Depth = 3.54"    for  25-year event
Inflow = 35.46 cfs @ 12.09 hrs,  Volume= 2.951 af
Primary = 35.46 cfs @ 12.09 hrs,  Volume= 2.951 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link Site: Total Site
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Inflow Area=10.007 ac
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Summary for Link wqu: 450 i

Inflow Area = 0.173 ac,100.00% Impervious,  Inflow Depth = 5.26"    for  25-year event
Inflow = 0.97 cfs @ 12.07 hrs,  Volume= 0.076 af
Primary = 0.97 cfs @ 12.07 hrs,  Volume= 0.076 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link wqu: 450 i
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=55,869 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment 1: Building
   Tc=10.0 min   CN=98   Runoff=7.29 cfs  0.680 af

Runoff Area=31,419 sf   67.58% Impervious   Runoff Depth=5.43"Subcatchment 2: Back Lot/LA
   Tc=5.0 min   CN=90   Runoff=4.51 cfs  0.326 af

Runoff Area=44,557 sf   91.54% Impervious   Runoff Depth=6.13"Subcatchment 3: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=6.79 cfs  0.522 af

Runoff Area=49,545 sf   68.78% Impervious   Runoff Depth=5.55"Subcatchment 4: Paved Lot/LA
   Tc=5.0 min   CN=91   Runoff=7.20 cfs  0.526 af

Runoff Area=65,440 sf   92.74% Impervious   Runoff Depth=6.13"Subcatchment 5: Paved Lot/LA
   Tc=5.0 min   CN=96   Runoff=9.97 cfs  0.767 af

Runoff Area=71,141 sf   0.00% Impervious   Runoff Depth=3.70"Subcatchment 6: LA South
   Flow Length=550'   Tc=9.6 min   CN=74   Runoff=6.27 cfs  0.503 af

Runoff Area=27,935 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment 7: Building
   Tc=10.0 min   CN=98   Runoff=3.64 cfs  0.340 af

Runoff Area=14,620 sf   0.00% Impervious   Runoff Depth=3.70"Subcatchment 8: LA Area
   Flow Length=50'   Slope=0.0100 '/'   Tc=7.4 min   CN=74   Runoff=1.39 cfs  0.103 af

Runoff Area=5,216 sf   77.76% Impervious   Runoff Depth=5.78"Subcatchment 9: Paved Lot
   Tc=5.0 min   CN=93   Runoff=0.78 cfs  0.058 af

Runoff Area=62,614 sf   0.00% Impervious   Runoff Depth=3.59"Subcatchment 10: Wooded Area
   Flow Length=470'   Tc=6.4 min   CN=73   Runoff=5.97 cfs  0.430 af

Runoff Area=7,547 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment 11: Paved Lot
   Tc=5.0 min   CN=98   Runoff=1.16 cfs  0.092 af

Peak Elev=255.99'  Storage=5,449 cf   Inflow=4.99 cfs  0.443 afPond 1P: Surface Detention
   Primary=0.81 cfs  0.064 af   Secondary=0.98 cfs  0.379 af   Outflow=1.79 cfs  0.443 af

Peak Elev=254.98'  Storage=4,899 cf   Inflow=11.13 cfs  1.006 afPond 2P: Surface Detention
   Primary=6.79 cfs  0.247 af   Secondary=2.68 cfs  0.759 af   Outflow=9.47 cfs  1.006 af

Peak Elev=250.99'  Storage=3,208 cf   Inflow=0.98 cfs  0.379 afPond 4P: Stone Storage
   Discarded=0.07 cfs  0.157 af   Primary=0.79 cfs  0.223 af   Outflow=0.87 cfs  0.379 af

Peak Elev=229.19'  Storage=4,021 cf   Inflow=17.17 cfs  1.292 afPond 5P: Galley
   Discarded=0.02 cfs  0.076 af   Primary=17.09 cfs  1.199 af   Outflow=17.11 cfs  1.276 af

Peak Elev=251.75'  Storage=2,477 cf   Inflow=2.68 cfs  0.759 afPond 6P: Stone Storage
   Discarded=0.05 cfs  0.144 af   Primary=2.60 cfs  0.593 af   Outflow=2.66 cfs  0.737 af
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Peak Elev=251.85'  Storage=0.156 af   Inflow=15.58 cfs  1.454 afPond 7P: Galley
   Discarded=0.03 cfs  0.127 af   Primary=15.48 cfs  1.288 af   Outflow=15.52 cfs  1.414 af

Peak Elev=0.00'  Storage=0.000 afPond 18P: Rainwater Tank
   Primary=0.00 cfs  0.000 af

   Inflow=37.69 cfs  2.990 afLink DP1: Reservoir
   Primary=37.69 cfs  2.990 af

   Inflow=1.57 cfs  0.344 afLink DP2: Penn Avenue
   Primary=1.57 cfs  0.344 af

   Inflow=5.97 cfs  0.430 afLink DP3: Swale (Existing)
   Primary=5.97 cfs  0.430 af

   Inflow=44.92 cfs  3.764 afLink Site: Total Site
   Primary=44.92 cfs  3.764 af

   Inflow=1.16 cfs  0.092 afLink wqu: 450 i
   Primary=1.16 cfs  0.092 af

Total Runoff Area = 10.007 ac   Runoff Volume = 4.347 af   Average Runoff Depth = 5.21"
42.14% Pervious = 4.217 ac     57.86% Impervious = 5.790 ac
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Summary for Subcatchment 1: Building

Runoff = 7.29 cfs @ 12.13 hrs,  Volume= 0.680 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

55,869 98 Roofs, HSG C

55,869 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 1: Building
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=55,869 sf

Runoff Volume=0.680 af

Runoff Depth=6.36"

Tc=10.0 min

CN=98

7.29 cfs
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Summary for Subcatchment 2: Back Lot/LA

Runoff = 4.51 cfs @ 12.07 hrs,  Volume= 0.326 af,  Depth= 5.43"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

21,234 98 Paved parking, HSG C
10,185 74 >75% Grass cover, Good, HSG C

31,419 90 Weighted Average
10,185 32.42% Pervious Area
21,234 67.58% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 2: Back Lot/LA

Runoff
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Time  (hours)
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=31,419 sf

Runoff Volume=0.326 af

Runoff Depth=5.43"

Tc=5.0 min

CN=90

4.51 cfs
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Summary for Subcatchment 3: Paved Lot/LA

Runoff = 6.79 cfs @ 12.07 hrs,  Volume= 0.522 af,  Depth= 6.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

40,788 98 Paved parking, HSG C
3,769 74 >75% Grass cover, Good, HSG C

44,557 96 Weighted Average
3,769 8.46% Pervious Area

40,788 91.54% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 3: Paved Lot/LA

Runoff
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=44,557 sf

Runoff Volume=0.522 af

Runoff Depth=6.13"

Tc=5.0 min

CN=96

6.79 cfs
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Summary for Subcatchment 4: Paved Lot/LA

Runoff = 7.20 cfs @ 12.07 hrs,  Volume= 0.526 af,  Depth= 5.55"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

34,076 98 Paved parking, HSG C
* 3,279 74 >75% Grass cover, Good, HSG C/Int LA
* 12,190 74 >75% Grass cover, Good, HSG C/LA north

49,545 91 Weighted Average
15,469 31.22% Pervious Area
34,076 68.78% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 4: Paved Lot/LA

Runoff
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=49,545 sf

Runoff Volume=0.526 af

Runoff Depth=5.55"

Tc=5.0 min

CN=91

7.20 cfs
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Summary for Subcatchment 5: Paved Lot/LA

Runoff = 9.97 cfs @ 12.07 hrs,  Volume= 0.767 af,  Depth= 6.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

60,688 98 Paved parking, HSG C
4,752 74 >75% Grass cover, Good, HSG C

65,440 96 Weighted Average
4,752 7.26% Pervious Area

60,688 92.74% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 5: Paved Lot/LA
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=65,440 sf

Runoff Volume=0.767 af

Runoff Depth=6.13"

Tc=5.0 min

CN=96

9.97 cfs
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Summary for Subcatchment 6: LA South

Runoff = 6.27 cfs @ 12.13 hrs,  Volume= 0.503 af,  Depth= 3.70"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

71,141 74 >75% Grass cover, Good, HSG C

71,141 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.0 50 0.1000 0.28 Sheet Flow, Grass/Wooded Area
Grass: Short   n= 0.150   P2= 3.20"

6.0 400 0.0500 1.12 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

0.6 100 0.3000 2.74 Shallow Concentrated Flow, Grass/Wooded Area
Woodland   Kv= 5.0 fps

9.6 550 Total

Subcatchment 6: LA South

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

7

6

5

4

3

2

1

0

Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=71,141 sf

Runoff Volume=0.503 af

Runoff Depth=3.70"

Flow Length=550'

Tc=9.6 min

CN=74

6.27 cfs
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Summary for Subcatchment 7: Building

Runoff = 3.64 cfs @ 12.13 hrs,  Volume= 0.340 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

27,935 98 Roofs, HSG C

27,935 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.0 Direct Entry, 

Subcatchment 7: Building
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=27,935 sf

Runoff Volume=0.340 af

Runoff Depth=6.36"

Tc=10.0 min

CN=98

3.64 cfs
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Summary for Subcatchment 8: LA Area

Runoff = 1.39 cfs @ 12.11 hrs,  Volume= 0.103 af,  Depth= 3.70"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

14,620 74 >75% Grass cover, Good, HSG C

14,620 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

7.4 50 0.0100 0.11 Sheet Flow, Grass Area
Grass: Short   n= 0.150   P2= 3.20"

Subcatchment 8: LA Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=14,620 sf

Runoff Volume=0.103 af

Runoff Depth=3.70"

Flow Length=50'

Slope=0.0100 '/'

Tc=7.4 min

CN=74

1.39 cfs
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Summary for Subcatchment 9: Paved Lot

Runoff = 0.78 cfs @ 12.07 hrs,  Volume= 0.058 af,  Depth= 5.78"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

* 4,056 98 Paved Driveway, HSG C
1,160 74 >75% Grass cover, Good, HSG C

5,216 93 Weighted Average
1,160 22.24% Pervious Area
4,056 77.76% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 9: Paved Lot

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=5,216 sf

Runoff Volume=0.058 af

Runoff Depth=5.78"

Tc=5.0 min

CN=93

0.78 cfs
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Summary for Subcatchment 10: Wooded Area

Runoff = 5.97 cfs @ 12.09 hrs,  Volume= 0.430 af,  Depth= 3.59"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

62,614 73 Woods, Fair, HSG C

62,614 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

4.2 50 0.3000 0.20 Sheet Flow, Wooded Area
Woods: Light underbrush   n= 0.400   P2= 3.20"

2.2 420 0.4000 3.16 Shallow Concentrated Flow, Wooded Area
Woodland   Kv= 5.0 fps

6.4 470 Total

Subcatchment 10: Wooded Area

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=62,614 sf

Runoff Volume=0.430 af

Runoff Depth=3.59"

Flow Length=470'

Tc=6.4 min

CN=73

5.97 cfs
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Summary for Subcatchment 11: Paved Lot

Runoff = 1.16 cfs @ 12.07 hrs,  Volume= 0.092 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-year Rainfall=6.60"

Area (sf) CN Description

7,547 98 Paved parking, HSG C

7,547 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment 11: Paved Lot

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-year Rainfall=6.60"

Runoff Area=7,547 sf

Runoff Volume=0.092 af

Runoff Depth=6.36"

Tc=5.0 min

CN=98

1.16 cfs
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Summary for Pond 1P: Surface Detention

Inflow Area = 0.977 ac, 65.64% Impervious,  Inflow Depth = 5.45"    for  100-year event
Inflow = 4.99 cfs @ 12.12 hrs,  Volume= 0.443 af
Outflow = 1.79 cfs @ 12.44 hrs,  Volume= 0.443 af,  Atten= 64%,  Lag= 19.2 min
Primary = 0.81 cfs @ 12.44 hrs,  Volume= 0.064 af
Secondary = 0.98 cfs @ 12.44 hrs,  Volume= 0.379 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 255.99' @ 12.44 hrs   Surf.Area= 4,018 sf   Storage= 5,449 cf
Flood Elev= 257.00'   Surf.Area= 5,368 sf   Storage= 10,203 cf

Plug-Flow detention time= 41.9 min calculated for 0.443 af (100% of inflow)
Center-of-Mass det. time= 41.9 min ( 807.7 - 765.7 )

Volume Invert Avail.Storage Storage Description

#1 254.00' 10,203 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

254.00 1,548 396.2 0 0 1,548
255.00 2,764 415.0 2,127 2,127 2,828
256.00 4,038 433.9 3,381 5,508 4,173
256.50 4,696 443.3 2,181 7,689 4,865
257.00 5,368 452.7 2,514 10,203 5,572

Device Routing     Invert Outlet Devices

#1 Primary 256.00' 12.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#2 Primary 255.25' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Secondary 254.60' 4.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Secondary 254.00' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=0.81 cfs @ 12.44 hrs  HW=255.99'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  (Orifice Controls 0.81 cfs @ 4.13 fps)

Secondary OutFlow  Max=0.98 cfs @ 12.44 hrs  HW=255.99'   (Free Discharge)
3=Orifice/Grate  (Orifice Controls 0.49 cfs @ 5.67 fps)
4=Exfiltration  (Exfiltration Controls 0.48 cfs)
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Pond 1P: Surface Detention
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Inflow Area=0.977 ac

Peak Elev=255.99'

Storage=5,449 cf

4.99 cfs

1.79 cfs

0.81 cfs
0.98 cfs



Type III 24-hr  100-year Rainfall=6.60"1073400-pr
  Printed  12/16/2013Prepared by {enter your company name here}

Page 111HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Pond 2P: Surface Detention

Inflow Area = 2.004 ac, 88.33% Impervious,  Inflow Depth = 6.03"    for  100-year event
Inflow = 11.13 cfs @ 12.10 hrs,  Volume= 1.006 af
Outflow = 9.47 cfs @ 12.17 hrs,  Volume= 1.006 af,  Atten= 15%,  Lag= 4.0 min
Primary = 6.79 cfs @ 12.17 hrs,  Volume= 0.247 af
Secondary = 2.68 cfs @ 12.17 hrs,  Volume= 0.759 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 254.98' @ 12.17 hrs   Surf.Area= 4,163 sf   Storage= 4,899 cf

Plug-Flow detention time= 17.2 min calculated for 1.006 af (100% of inflow)
Center-of-Mass det. time= 17.1 min ( 775.4 - 758.3 )

Volume Invert Avail.Storage Storage Description

#1 253.50' 9,744 cf Surface Detention (Irregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

253.50 2,486 280.0 0 0 2,486
254.00 3,039 317.8 1,379 1,379 4,290
255.00 4,186 386.5 3,597 4,976 8,157
256.00 5,374 405.3 4,768 9,744 9,406

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 254.33' 18.0" Vert. Orifice/Grate    C= 0.600   
#3 Primary 254.16' 12.0" Vert. Orifice/Grate    C= 0.600   
#4 Primary 254.00' 12.0" Vert. Orifice/Grate    C= 0.600   
#5 Secondary 253.90' 8.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#6 Secondary 253.50' 5.000 in/hr Exfiltration over Wetted area   

Primary OutFlow  Max=6.79 cfs @ 12.17 hrs  HW=254.98'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)
2=Orifice/Grate  (Orifice Controls 2.02 cfs @ 2.75 fps)
3=Orifice/Grate  (Orifice Controls 2.13 cfs @ 3.09 fps)
4=Orifice/Grate  (Orifice Controls 2.64 cfs @ 3.37 fps)

Secondary OutFlow  Max=2.68 cfs @ 12.17 hrs  HW=254.98'   (Free Discharge)
5=Orifice/Grate  (Orifice Controls 1.75 cfs @ 5.01 fps)
6=Exfiltration  (Exfiltration Controls 0.93 cfs)
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Pond 2P: Surface Detention
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Inflow Area=2.004 ac

Peak Elev=254.98'

Storage=4,899 cf

11.13 cfs

9.47 cfs

6.79 cfs

2.68 cfs
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Summary for Pond 4P: Stone Storage

Inflow = 0.98 cfs @ 12.44 hrs,  Volume= 0.379 af
Outflow = 0.87 cfs @ 12.89 hrs,  Volume= 0.379 af,  Atten= 11%,  Lag= 26.8 min
Discarded = 0.07 cfs @ 12.89 hrs,  Volume= 0.157 af
Primary = 0.79 cfs @ 12.89 hrs,  Volume= 0.223 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 250.99' @ 12.89 hrs   Surf.Area= 3,771 sf   Storage= 3,208 cf

Plug-Flow detention time= 146.0 min calculated for 0.379 af (100% of inflow)
Center-of-Mass det. time= 146.1 min ( 962.1 - 816.0 )

Volume Invert Avail.Storage Storage Description

#1A 250.50' 583 cf ADS N-12  12  x 36  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 4,367 cf 20.84'W x 181.00'L x 3.71'H Field A
13,987 cf Overall - 754 cf Embedded = 13,233 cf  x 33.0% Voids

4,950 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.50' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.50' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 250.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.07 cfs @ 12.89 hrs  HW=250.99'   (Free Discharge)
4=Exfiltration  ( Controls 0.07 cfs)

Primary OutFlow  Max=0.79 cfs @ 12.89 hrs  HW=250.99'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  ( Controls 0.00 cfs)
2=Sharp-Crested Vee/Trap Weir  (Weir Controls 0.41 cfs @ 1.74 fps)
3=Orifice/Grate  (Orifice Controls 0.38 cfs @ 4.36 fps)
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Pond 4P: Stone Storage
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Summary for Pond 5P: Galley

Inflow Area = 2.640 ac, 82.41% Impervious,  Inflow Depth = 5.88"    for  100-year event
Inflow = 17.17 cfs @ 12.07 hrs,  Volume= 1.292 af
Outflow = 17.11 cfs @ 12.08 hrs,  Volume= 1.276 af,  Atten= 0%,  Lag= 0.4 min
Discarded = 0.02 cfs @ 12.08 hrs,  Volume= 0.076 af
Primary = 17.09 cfs @ 12.08 hrs,  Volume= 1.199 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 229.19' @ 12.08 hrs   Surf.Area= 1,300 sf   Storage= 4,021 cf

Plug-Flow detention time= 77.3 min calculated for 1.276 af (99% of inflow)
Center-of-Mass det. time= 68.9 min ( 833.1 - 764.2 )

Volume Invert Avail.Storage Storage Description

#1A 224.30' 2,661 cf Galley 4x4x4  x 60  Inside #2
Inside= 42.0"W x 43.0"H => 12.67 sf x 3.50'L = 44.3 cf
Outside= 52.8"W x 48.0"H => 14.72 sf x 4.00'L = 58.9 cf

#2A 223.30' 1,623 cf 26.00'W x 50.00'L x 6.50'H Field A
8,450 cf Overall - 3,533 cf Embedded = 4,917 cf  x 33.0% Voids

4,283 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 228.30' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 227.30' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 226.50' 6.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 223.30' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.02 cfs @ 12.08 hrs  HW=229.19'   (Free Discharge)
4=Exfiltration  ( Controls 0.02 cfs)

Primary OutFlow  Max=17.06 cfs @ 12.08 hrs  HW=229.19'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 10.43 cfs @ 3.08 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 5.15 cfs @ 5.15 fps)
3=Orifice/Grate  (Orifice Controls 1.48 cfs @ 7.52 fps)
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Pond 5P: Galley
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Inflow Area=2.640 ac

Peak Elev=229.19'

Storage=4,021 cf
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0.02 cfs
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Summary for Pond 6P: Stone Storage

[93] Warning: Storage range exceeded by 0.54'

Inflow = 2.68 cfs @ 12.17 hrs,  Volume= 0.759 af
Outflow = 2.66 cfs @ 12.17 hrs,  Volume= 0.737 af,  Atten= 1%,  Lag= 0.0 min
Discarded = 0.05 cfs @ 12.17 hrs,  Volume= 0.144 af
Primary = 2.60 cfs @ 12.17 hrs,  Volume= 0.593 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 251.75' @ 12.17 hrs   Surf.Area= 2,521 sf   Storage= 2,477 cf

Plug-Flow detention time= 128.9 min calculated for 0.737 af (97% of inflow)
Center-of-Mass det. time= 111.2 min ( 899.8 - 788.6 )

Volume Invert Avail.Storage Storage Description

#1A 249.50' 389 cf ADS N-12  12  x 24  Inside #2
Inside= 12.2"W x 12.2"H => 0.81 sf x 20.00'L = 16.2 cf
Outside= 14.5"W x 14.5"H => 1.05 sf x 20.00'L = 20.9 cf

#2A 248.50' 2,088 cf 20.84'W x 121.00'L x 2.71'H Field A
6,829 cf Overall - 502 cf Embedded = 6,327 cf  x 33.0% Voids

2,477 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 18.0" Vert. Orifice/Grate    C= 0.600   
#2 Discarded 248.50' 0.660 in/hr Exfiltration over Wetted area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.05 cfs @ 12.17 hrs  HW=251.75'   (Free Discharge)
2=Exfiltration  ( Controls 0.05 cfs)

Primary OutFlow  Max=2.60 cfs @ 12.17 hrs  HW=251.75'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 2.60 cfs @ 2.95 fps)



Type III 24-hr  100-year Rainfall=6.60"1073400-pr
  Printed  12/16/2013Prepared by {enter your company name here}

Page 118HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Pond 6P: Stone Storage

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

3

2

1

0

Peak Elev=251.75'

Storage=2,477 cf

2.68 cfs2.66 cfs

0.05 cfs

2.60 cfs



Type III 24-hr  100-year Rainfall=6.60"1073400-pr
  Printed  12/16/2013Prepared by {enter your company name here}

Page 119HydroCAD® 10.00  s/n 01038  © 2013 HydroCAD Software Solutions LLC

Summary for Pond 7P: Galley

[81] Warning: Exceeded Pond 6P by 0.11' @ 12.10 hrs

Inflow Area = 3.200 ac, 89.99% Impervious,  Inflow Depth = 5.45"    for  100-year event
Inflow = 15.58 cfs @ 12.10 hrs,  Volume= 1.454 af
Outflow = 15.52 cfs @ 12.11 hrs,  Volume= 1.414 af,  Atten= 0%,  Lag= 0.7 min
Discarded = 0.03 cfs @ 12.11 hrs,  Volume= 0.127 af
Primary = 15.48 cfs @ 12.11 hrs,  Volume= 1.288 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 251.85' @ 12.11 hrs   Surf.Area= 0.050 ac   Storage= 0.156 af

Plug-Flow detention time= 112.7 min calculated for 1.414 af (97% of inflow)
Center-of-Mass det. time= 96.8 min ( 876.3 - 779.5 )

Volume Invert Avail.Storage Storage Description

#1A 247.00' 0.106 af Galley 4x4x4.25  x 100  Inside #2
Inside= 42.2"W x 45.0"H => 13.25 sf x 3.50'L = 46.4 cf
Outside= 54.0"W x 51.0"H => 15.58 sf x 4.00'L = 62.3 cf

#2A 246.00' 0.064 af 26.50'W x 82.00'L x 6.75'H Field A
0.337 af Overall - 0.143 af Embedded = 0.194 af  x 33.0% Voids

0.170 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 251.00' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   
#2 Primary 250.00' 90.0 deg x 1.00' rise Sharp-Crested Vee/Trap Weir   

Cv= 2.50 (C= 3.13)   
#3 Primary 249.50' 4.0" Vert. Orifice/Grate    C= 0.600   
#4 Discarded 246.00' 0.660 in/hr Exfiltration over Surface area   

Conductivity to Groundwater Elevation = 0.00'   

Discarded OutFlow  Max=0.03 cfs @ 12.11 hrs  HW=251.85'   (Free Discharge)
4=Exfiltration  ( Controls 0.03 cfs)

Primary OutFlow  Max=15.47 cfs @ 12.11 hrs  HW=251.85'   (Free Discharge)
1=Sharp-Crested Rectangular Weir  (Weir Controls 9.78 cfs @ 3.01 fps)
2=Sharp-Crested Vee/Trap Weir  (Orifice Controls 5.07 cfs @ 5.07 fps)
3=Orifice/Grate  (Orifice Controls 0.62 cfs @ 7.11 fps)
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Pond 7P: Galley

Inflow
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Summary for Pond 18P: Rainwater Tank

[43] Hint: Has no inflow (Outflow=Zero)

Volume Invert Avail.Storage Storage Description

#1 248.50' 0.038 af 90.0"  Round Pipe Storage
L= 37.5'

Device Routing     Invert Outlet Devices

#1 Primary 255.00' 8.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=0.00'   (Free Discharge)
1=Orifice/Grate  ( Controls 0.00 cfs)

Pond 18P: Rainwater Tank
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Summary for Link DP1: Reservoir

Inflow Area = 7.473 ac, 67.65% Impervious,  Inflow Depth = 4.80"    for  100-year event
Inflow = 37.69 cfs @ 12.09 hrs,  Volume= 2.990 af
Primary = 37.69 cfs @ 12.09 hrs,  Volume= 2.990 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP1: Reservoir
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Summary for Link DP2: Penn Avenue

Inflow Area = 1.097 ac, 66.97% Impervious,  Inflow Depth = 3.77"    for  100-year event
Inflow = 1.57 cfs @ 12.67 hrs,  Volume= 0.344 af
Primary = 1.57 cfs @ 12.67 hrs,  Volume= 0.344 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP2: Penn Avenue

Inflow
Primary

Hydrograph

Time  (hours)
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Summary for Link DP3: Swale (Existing)

Inflow Area = 1.437 ac, 0.00% Impervious,  Inflow Depth = 3.59"    for  100-year event
Inflow = 5.97 cfs @ 12.09 hrs,  Volume= 0.430 af
Primary = 5.97 cfs @ 12.09 hrs,  Volume= 0.430 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link DP3: Swale (Existing)
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Summary for Link Site: Total Site

Inflow Area = 10.007 ac, 57.86% Impervious,  Inflow Depth = 4.51"    for  100-year event
Inflow = 44.92 cfs @ 12.10 hrs,  Volume= 3.764 af
Primary = 44.92 cfs @ 12.10 hrs,  Volume= 3.764 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link Site: Total Site
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Summary for Link wqu: 450 i

Inflow Area = 0.173 ac,100.00% Impervious,  Inflow Depth = 6.36"    for  100-year event
Inflow = 1.16 cfs @ 12.07 hrs,  Volume= 0.092 af
Primary = 1.16 cfs @ 12.07 hrs,  Volume= 0.092 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link wqu: 450 i
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StormCAD Analysis 

 

 

 

 

 

 





Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis





Element From (Inlet) To (Outlet) Length Inlet Outlet Average Pipe Peak Max Design Max Flow / Max
ID Node Node Invert Invert Slope Diameter Flow Flow Flow Design Flow Flow

Elevation Elevation or Height Velocity Capacity Ratio Depth

(ft) (ft) (ft) (%) (inches) (cfs) (ft/sec) (cfs) (ft)
Link‐01 CB 14 DMH 12 57.61 251.00 249.50 2.6000 12.000 0.12 2.95 4.98 0.02 0.11
Link‐02 OCS 3 DMH 12 129.78 249.90 248.60 1.0000 12.000 0.53 3.03 3.09 0.17 0.28
Link‐03 TD‐1 DMH 2 70.57 251.50 250.30 1.7000 12.000 0.04 2.54 4.03 0.01 0.07
Link‐04 DMH 1 DMH 2 85.33 251.00 250.20 0.9400 18.000 5.28 6.19 8.81 0.60 0.83
Link‐05 DMH 2 DMH 3 108.22 250.20 249.30 0.8300 18.000 5.25 5.93 8.30 0.63 0.86
Link‐06 DMH 3 DMH 4 103.78 249.20 248.60 0.5800 18.000 5.25 5.02 6.92 0.76 0.97
Link‐07 WQU DMH 3 12.32 252.00 251.50 4.0600 12.000 0.12 3.09 6.22 0.02 0.10
Link‐09 CB 1 DMH 11 59.22 251.70 251.10 1.0100 12.000 0.17 2.45 3.11 0.06 0.16
Link‐10 CB 2 DMH 11 9.78 251.80 251.70 1.0200 12.000 0.06 1.58 3.12 0.02 0.10
Link‐11 DMH 11 DMH 5 43.43 251.10 250.60 1.1500 12.000 0.23 2.45 3.31 0.07 0.18
Link‐12 CB 3 DMH 5 29.66 251.60 251.40 0.6700 12.000 0.04 1.50 2.54 0.01 0.08
Link‐13 DMH 5 WQU 1 48.57 250.50 250.00 1.0300 12.000 0.27 2.46 3.13 0.09 0.20
Link‐14 WQU 1 DMH 6 57.86 249.90 249.30 1.0400 12.000 0.26 2.46 3.14 0.08 0.20
Link‐15 CB 5 DMH 6 20.12 251.30 251.10 0.9900 12.000 0.15 2.05 3.08 0.05 0.15
Link‐16 DCB 4 DMH 6 35.98 251.30 250.90 1.1100 12.000 0.27 2.54 3.26 0.08 0.20
Link‐18 CB 7 DMH 8 53.46 234.00 231.50 4.6800 12.000 0.10 4.39 7.31 0.01 0.08
Link‐19 DCB 6 DMH 8 68.99 232.10 231.30 1.1600 12.000 0.32 2.93 3.72 0.09 0.20
Link‐20 DMH 8 DMH 9 119.38 231.00 228.30 2.2600 12.000 0.41 4.14 5.44 0.08 0.19
Link‐21 CB 11 DMH 9 79.09 231.00 228.30 3.4100 12.000 0.13 4.63 5.71 0.02 0.10
Link‐22 DMH 9 DMH 10 24.58 228.20 228.00 0.8100 18.000 0.53 2.62 8.21 0.06 0.26
Link‐23 CB‐9 DMH 10 37.21 235.00 228.00 18.8100 12.000 0.22 6.34 13.39 0.02 0.09
Link‐24 DCB 8 DMH 10 79.42 228.00 227.00 1.2600 15.000 0.56 4.80 6.28 0.09 0.25
Link‐25 CB 10 DMH 10 36.39 227.20 225.70 4.1200 15.000 0.28 2.87 7.19 0.04 0.17
Link‐27 CB 12 WQU 4 48.80 228.50 226.50 4.1000 18.000 0.18 4.14 18.43 0.01 0.11
Link‐28 CB 13 WQU 4 28.45 227.50 225.50 7.0300 12.000 0.30 4.88 7.98 0.04 0.13
Link‐30 CB 7 DCB 6 95.82 235.00 233.00 2.0900 18.000 0.01 1.76 20.80 0.00 0.03
Link‐31 CB 11 CB‐9 81.68 231.00 228.50 3.0600 18.000 0.02 2.26 27.40 0.00 0.03
Link‐32 CB 12 CB 13 73.00 228.50 228.30 0.2700 18.000 0.03 2.17 22.60 0.00 0.04
Link‐33 DCB 8 CB 10 83.14 228.00 227.00 1.2000 18.000 0.07 3.86 22.33 0.00 0.06
Link‐34 Orifice 2 DMH 1 15.15 251.50 251.00 3.3000 18.000 5.35 8.46 16.54 0.32 0.60



Link‐35 Orifice 4 Orifice 3 9.24 251.80 251.70 1.0800 12.000 2.12 5.98 3.21 0.66 0.59
Link‐36 Orifice 3 Orifice 2 10.36 251.70 251.50 1.9300 12.000 3.92 6.31 4.29 0.91 0.77
Link‐37 ORIFICE 7 OCS 3 29.65 251.50 252.20 ‐2.3600 6.000 0.52 2.90 0.75 0.69 0.43
Link‐38 OCS 1 HW 1 29.30 0.00 225.50 ‐769.6200 24.000 14.33 9.78 30.30 0.47 0.97
Link‐39 OCS 2 EX OUTFALL 22.34 247.15 246.70 2.0100 18.000 12.61 8.69 12.92 0.98 1.20
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Erosion and Sedimentation Control Measures 

The following erosion and  sed imentation controls are for use during the earthwork 

and  construction phases of the project. The following controls are provided  as 

recommend ations for the site contractor and  do not constitute or replace the final 

Stormwater Pollution Prevention Plan that must be fully implemented  by the 

Contractor and  owner in Compliance with EPA NPDES regulations. 

Hay Bale Barriers 

Hay bale barriers w ill be placed  to trap sed iment transported  by runoff before it 

reaches the d rainage system or leaves the construction site. Bales will be set at least 

four inches into the existing ground  to minimize undercutting by runoff.  

Silt Fencing 

In areas where high runoff velocities or high sed iment load s are expected , hay bale 

barriers w ill be backed  up with silt fencing. This semi-permeable barrier made of a 

synthetic porous fabric w ill provide add itional protection. The silt fences and  hay 

bale barrier will be replaced  as determined  by period ic field  inspections. 

Catch Basin Protection 

Newly constructed  and  existing catch basins will be protected  with hay bale barriers 

(where appropriate) or silt sacks throughout construction. 

Gravel and Construction 

Entrance/Exit 

A temporary crushed-stone construction entrance/ exit will be constructed . A cross 

slope will be placed  in the entrance to d irect runoff to a protected  catch basin inlet or 

settling area. If deemed necessary after construction begins, a wash pad  may be 

included  to wash off vehicle wheels before leaving the project site. 

Diversion Channels 

Diversion channels will be used  to collect runoff from construction areas and  

d ischarge to either sed imentation basins or protected  catch basin inlets.  

Temporary Sediment Basins 

Temporary sed iment basins will be designed  either as excavations or bermed 

stormwater detention structures (depending on grad ing) that will retain runoff for a 

sufficient period  of time to allow suspended  soil particles to settle out prior to 
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d ischarge. These temporary basins will be located  based  on construction needs as 

determined  by the contractor and  outlet devices will be designed  to control velocity 

and  sed iment. Points of d ischarge from sed iment basins will be stabilized  to 

minimize erosion. 

Vegetative Slope Stabilization 

Stabilization of open soil su rfaces will be implemented  within 14 d ays after grad ing 

or construction activities have temporarily or permanently ceased , unless there is 

sufficient snow cover to prohibit implementation. Vegetative slope st abilization will 

be used  to minimize erosion on slopes of 3:1 or flatter. Annual grasses, such as 

annual rye, will be used  to ensure rap id  germination and  production of root mass. 

Permanent stabilization will be completed  with the planting of perennial gra sses or 

legumes. Establishment of temporary and  permanent vegetative cover may be 

established  by hydro-seed ing or sodding. A suitable topsoil, good  seedbed  

preparation, and  adequate lime, fertilizer and  water will be provided  for effective 

establishment of these vegetative stabilization method s. Mulch will also be used  after 

permanent seed ing to protect soil from the impact of falling rain and  to increase the 

capacity of the soil to absorb water. 

Maintenance 

 The contractor or subcontractor will be responsib le for implementing each 

control shown on the Sed imentation and  Erosion Control Plan. In accordance 

with EPA regulations, the contractor must sign a copy of a certification to verify 

that a plan has been prepared  and  that permit regulations are understood . 

 

 The on-site contractor w ill inspect all sed iment and  erosion control structures 

period ically and  after each rainfall event. Record s of the inspections will be 

prepared  and  maintained  on-site by the contractor. 

 

 Silt shall be removed  from behind  barriers if greater than 6-inches deep or as 

needed . 

 

 Damaged  or deteriorated  items will be repaired  immediately after identification.  

 

 The underside of hay bales should  be kept in close contact with the earth and  

reset as necessary. 

 

 Sediment that is collected  in structures shall be d isposed  of properly and  covered  

if stored  on-site.  

 

 Erosion control structures shall remain in place until all d isturbed  earth has been 

securely stabilized . After removal of structures, d isturbed  areas shall be regraded  

and  stabilized  as necessary. 
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 Construction Best Management Practices - Maintenance/Evaluation Checklist 

 

 

 
 

 

 





\\vhb\proj\Boston\10734.00\reports\Stormwate

r Report\PennAve\App G&H - BMP 

Maintenance Checklist.doc 

 Appendix G: Erosion and  Sedimentation Control Measures 

 

125 Pennsylvania Avenue, Framingham, Massachusetts 

Construction Best Management Practices – Maintenance/ Evaluation Checklist 
 

Best Management Practice 
Inspection 

Frequency 

Date 

Inspected 
Inspector 

Minimum Maintenance and Key 

Items to Check 

Cleaning/Repair Needed    

yes  no  (List Items) 

Date of 

Cleaning/Repair 
Performed by: 

 
Siltsock/Silt Fence Barrier 
 

Weekly and 
after storm 
events 
 

    

yes  no 

  

 
Gravel Construction Entrance 
 
 

Weekly and 
after storm 
events 
 

    

yes  no 

  

 
Catch Basin Protection 
 
 

Weekly and 
after storm 
events 
 

    

yes  no 

  

 
Diversion Channels 
 
 

Weekly and 
after storm 
events 
 

    

yes  no 

  

 
Temporary Sedimentation 
Basins 
 

Weekly and 
after storm 
events 
 

    

yes  no 

  

 
Vegetated Slope Stabilization 
 

Weekly and 
after storm 
events 
 

   
 

 

yes  no 

  

 
Stock Pile Protection 

Daily and after 
storm events 

   
 

 

yes  no 

  

 

Stormwater Control Manager            
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Appendix H:  

Long Term Pollution Prevention Plan and 

Maintenance Measures 
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Long Term Pollution Prevention Plan 

The following maintenance program is proposed  to ensure the continued  

effectiveness of the structural water quality controls previously described .  

 

 Clean all catch basins Four times per year to remove accumulated  sand , 

sed iment, and  floatable products or as needed  based  on use. 

 

 Paved  areas will be swept, at a minimum, four times per year. 

 

 Routinely pick up and  remove litter from the Neponset River bank, parking 

areas, islands and  perimeter landscape areas in add ition to regu lar pavement 

sweeping. 

 

 Routinely inspect all dumpster and  compactor locations for spills. Remove all 

trash litter from the enclosure and  d ispose of properly. 

 

Pavement Systems 

Standard Asphalt Pavement 

 

 Sweep or vacuum standard  asphalt pavement areas at least four times per year 

with a commercial cleaning unit and  properly d ispose of removed  material. 

 Recommended  sweeping schedule:  

 Oct/ Nov 

 Feb/ Mar 

 Apr/ May 

 Aug/ Sep  

 More frequent sweeping of paved  surfaces will result in less accumulation in 

catch basins, less cleaning of subsurface structures, and  less d isposal costs.  

 Check load ing docks and  d umpster areas frequently for spillage and / or 

pavement staining and  clean  as necessary. 
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Structural Stormwater Management Devices 

Catch Basins  

 All catch basins shall be inspected  and  cleaned  a minimum of at least four times 

per year. 

 Sediment (if more than six inches deep) and / or floatable pollu tants shall be 

pumped  from the basin and  d isposed  of at an approved  offsite facility in 

accord ance with all applicable regulations.  

 Any structural d amage or other ind ication of malfunction will be repor ted  to the 

site manager and  repaired  as necessary  

 During colder periods, the catch basin grates must be kept free of snow and  ice.  

 During warmer periods, the catch basin grates must be kept free of leaves, litter, 

sand , and  debris. 

Structural Water Quality Devices  

 Inspect devices monthly for the first three months after construction.  

 After initial three month period , all water quality units are to be inspected  at 

least four times per year and  cleaned  a minimum of at least once per year or 

when sed iment reaches 8” in depth. 

 Follow manufacturer instructions for inspection and  cleaning and  contact 

manufacturer if system is malfunctioning.  

Roof Drain Leaders 

 Perform rou tine roof inspections quarterly. 

 Keep roofs clean and  free of debris. 

 Keep roof d rainage systems clear. 

 Keep roof access limited  to authorized  personnel. 

 Clean inlets d raining to the subsurface bed  twice per year as necessary.  

 

Vegetated Stormwater Management Devices 

Vegetated Areas Maintenance 

Although not a structural component of the d rainage system, the maintenance of 

vegetated  areas may affect the functioning of stormwater management practices. 

This includes the health/ density of vegetative cover and  activities such as the 

application and  d isposal of lawn and  garden care prod ucts, d isposal of leaves and  

yard  trimmings. 

 

 Inspect planted  areas on a semi-annual basis and  remove any litter. 

 Maintain planted  areas ad jacent to pavement to prevent soil washout. 
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 Immediately clean any soil deposited  on pavement. 

 Re-seed  bare areas; install appropriate erosion control measures when native soil 

is exposed  or erosion channels are forming. 

 Plant alternative mixture of grass species in the event of unsuccessful 

establishment. 

 The grass vegetation should  not be cut to a height less than four inches.  

 Pesticide/ Herbicide Usage – No pesticides are to be used  unless a single spot 

treatment is required  for a specific control application .  

 Fertilizer usage should  be avoided . If deemed necessary, slow release fertilizer 

should  be used . Fertilizer may be used  to begin  the establishment of vegetation 

in bare or damaged  areas, but should  not be applied  on a regular basis unless 

necessary. 

 

Spill Prevention and Response Plan 

 

All construction personnel will be instructed  regard ing spill prevention practices and  

procedures. Notices stating these practices will be posted  in the office trailer, and  the 

site construction supervisor will be responsible for seeing that these procedures are 

followed .  Refer to Append ix I for Spill Response Procedure. 

 

Material Management Practices 

The following material management practices will be used  to reduce the risk of spills 

or other accidental exposure of materials and  substances to stormwater runoff. These 

include good  housekeeping practices and  guidelines for the handling of hazardous 

products. 

 

The following good  housekeeping practices will be followed  on -site during the 

construction period . 

 

 An effort will be made to store only enough products required  to d o the job.  

 All materials stored  on-site will be stored  in a neat, ord erly manner in their 

appropriate containers, and  (if possible) under a roof or other enclosure.  

 Products will be kept in their original containers with the original manufacturer's 

label. 

 Substances will not be mixed  with one another unless recommended  by the 

manufacturer. 

 Whenever possible, all of a product will be used  before d isposing of the 

container. 

 Manufacturer's recommendations for proper use and  d isposal will be followed .  

 The site superintendent will inspect the storage area d aily to ensure proper use 

and  d isposal of materials on-site. 
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The following practices will reduce the risks associated  with hazardous materials 

(e.g., petroleum products, solvents). 

 

 A copy of all Material Safety Data Sheets (MSDS) for materials or prod ucts used  

during construction will be kept in the office trailer. 

 Products will be kept in original containers unless they are not re -sealable. 

 Original labels and  material safety d ata (MSD sheets) will be retained ; they 

contain important product information. 

 If surplus prod uct must be d isposed , manufacturer's or local- and  state-

recommended  methods for proper d isposal will be followed . 

 

Product-Specific Practices 

The following product-specific practices will be followed  on-site. Recommend ations 

are provided  for petroleum products, solvents, pa ints, and  other hazard ous 

substances, and  concrete. 

 

Petroleum Products and Hydraulic fluids 

All mechanized  equipment present on -site that use hyd raulic systems will be 

inspected  on a d aily basis for leaks by the contractor. Leaks will be identified  and  

repaired  as necessary to prevent uncontrolled  release of these petroleum based  

materials. No vehicle maintenance or handling of petroleum prod ucts w ill occur 

within 100 feet of a wetland  or waterway. Petroleum products will be stored  in 

tightly sealed  containers that are clearly labeled . Any asphalt substances used  on -site 

will be applied  accord ing to manufacturer's recommendations. The contractor will 

maintain two complete spill prevention kits on site. All refueling activities will be 

attended  at all times. No unattended  refueling will be permitted  at any time. Any 

equipment requiring repair shall be worked  on outside of the resource are and  the 

buffer zone. This includes the entire Russia Wharf deck area. 

 

Solvents, Paints, and other Hazardous Substances 

All containers w ill be tightly sealed  and  stored  when not requ ired  for use. Excess 

materials will not be d ischarged  to the storm sewer system, but will be properly 

d isposed  accord ing to manufacturer's instructions or state and  local regulations. No 

storage will occur within 100 feet of a wetland  or waterway. 

 

Concrete Trucks 

Concrete trucks will not be allowed  to wash out or d ischarge surplus concrete or 

d rum wash water within 100 feet of wetland  resources or into catch basins that are 

alread y in place. 

 

Hazardous Material Spill 

Due to the nature of the project, it is not anticipated  that large amounts of chemicals 

or gasses will be encountered  during demolition or construction. As with any 

construction, the contractor is responsible to requ ire the use and  han dling of limited  
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quantities of petroleum products and  other hazardous materials. The spill prevention 

plan is intended  to describe the methods for monitoring the use of these materials 

and  containment and  cleanup in the event of an inadvertent release. The  principal 

hazardous materials anticipated  to be present at the site are petroleum based  fuels 

and  hydraulic fluid s for construction equ ipment and  contaminated  soils that may be 

present beneath the existing build ings. 

 

Contaminated Soils 

Presently, the contractor is in the process of completing testing of subsurface 

conditions to ascertain the presence and  characteristics of any contaminated  soils or 

sed iment present at the site. The removal, control and  d isposal of any such materials 

would  be subject to ju risd iction of the Massachusetts Contingency Plan. The 

handling and  control of these materials would  be the subject of a report filed  by the 

project’s Licensed  Site Professional under the MCP. A copy of this w ill be provided  

to the Boston Conservation Commission as may be required . 

 

Small Spills 

Spills of materials of relatively low hazard  (non -life threatening) like fuel, oil etc. and  

quantity of less than 10 gallons will be cleaned  up and  properly d isposed  of by the 

contractor as d irected  by the Boston Con servation Commission’s Order of 

Conditions. Any waste manifest (s) will be retained  on file and  provided  to all 

appropriate parties by the contractor.  

 

Larger/High Hazard Spills 

In the event of a sp ill larger than 10 gallons (or high hazard  chemical sp ill ), the onsite 

supervisor will immediately contact the Boston Fire Department. The contractor will 

isolate the spill, if safe to do so, and  prevent unau thorized  ind ividuals from entering 

the area. As soon as reasonably possible, the contractor will contact the appropriate 

Safety Representative or designee and  report then spill. All spills will be cleaned  up 

and  d isposed  of, by the contractor, as d irected  by the Boston Conservation 

Commissions Order of Conditions. Recovered  spill material and  cleaning product s 

will be placed  in a container and  d isposed  of properly. Any waste manifest (s) will be 

retained  on file and  submitted  to all appropriate parties, by the contractor.  

 

In the case where a spill or accident may be d ischarged  to the Neponset River or any 

catch basin tributary to the Neponset River and  thereby impact wetland  resource 

area; the Boston Conservation will be notified  by the contractor. As part of the 

environmental protection measures of the project a floating boom will be installed  

outside the seawall at the commencement of construction, by the contractor, to 

minimize any impacts to the quality of water in the case of a spill.  
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Spill Control/Notification Practices 

In add ition to the good  housekeeping and  material management practices d iscussed  

above, the following practices will be followed  for spill control, notification and  

cleanup. 

 

 Manufacturer's recommended  method s for spill cleanup will be clearly posted  

and  site personnel will be informed of the procedures and  the location of the 

information and  cleanup supplies. 

 Materials and  equipment necessary for spill cleanup will be kept in the material 

storage area on-site. Equipment and  materials will include, but will not be 

limited  to, shovels, wheel barrows, brooms, dust pans, mops, rags, gloves, 

goggles, kitty litter or Speed i-Dry, sand , sawdust, and  plastic and  metal trash 

containers specifically designated  for this purpose. 

 All spills will be cleaned  up  immediately after d iscovery. 

 The spill area will be kept well ventilated  and  personnel will wea r protective 

clothing to prevent injury from contact with a hazardous substance.  

 Spills of toxic or hazard ous material in excess of reportable quantities, as 

established  in the Massachusetts Contingency Plan (MCP), will be reported  to 

the Massachusetts Dep artment of Environmental Protection Division of 

Hazard ous Waste [(617) 292-5851 or (978) 661-7679].  The Emergency Spill 

Response Procedure is provided  on page 28. 

 The onsite supervisor is responsible for the d aily operations will be the sp ill 

prevention and  cleanup coord inator. He will designate at least three other site 

personnel to receive spill prevention and  cleanup training. These ind ivid uals will 

each become responsible for a particular phase of prevention and  cleanup.  The 

names of the responsible sp ill personnel will be posted  in the material storage 

area and  in the on-site office trailer. 

Source Control 

Trash removal, designated  trash storage areas, pavement sweeping and  the 

controlled  use of fertilizer and  deicing agents on the site will reduce th e pollu tant 

load  in the site’s stormwater management system. 

 

Construction Trash Removal 

Daily loose trash removal will prevent litter, construction debris, and  construction 

chemicals exposed  to stormwater from becoming a pollutant source for stormwater 

d ischarges. All loose trash will be placed  in appropriate storage containers until 

d isposed  of properly off-site. 
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Covered Trash/Storage Areas 

Areas to be used  for storing dumpsters, compactors or other raw or waste materials 

will be covered  to prevent contact w ith stormwater. 

 

Pavement Sweeping 

Pavement sweeping may be required  daily or even more frequently during 

construction where sed iment tracking from construction equipment is a problem. 

The sweeping program will remove sed iments and  contaminants d irectly from 

paved  surfaces before their release into stormwater runoff. Pavement sweeping has 

been demonstrated  to be an effective initial treatment for reducing pollutant load ing 

into stormwater
1
.  

 

Fertilizer 

Only slow-release organic fertilizers will be used  in landscaped  areas. This w ill limit 

the amount of nutrients that could  enter the stormwater and  wetland  systems. 

Fertilizer use will be reduced  once the proposed  land scaping is established . 

Waste Disposal 

All waste materials will be collected  and  stored  in securely lidded  metal dumpsters 

leased  from a licensed  solid  waste management company and  the dumpster will be 

emptied  as necessary. Trash will be hauled  by a licensed  contractor and  d isposed  in 

accord ance with federal, state, and  local environmental regulations. No trash or 

construction waste will be buried  on -site, and  all personnel will be instructed  

regard ing the correct procedure for waste d isposal. Notices stating these practices 

will be posted  in the office trailer and  the site construction superv isor will be 

responsible for seeing that these procedures are followed . 

 

Hazardous Waste 

All hazardous waste materials (e.g., petroleum prod ucts, solvents) will be d isposed  

in the manner specified  by local and  state regulation, or by the manufacturer.  Sit e 

personnel w ill be instructed  in these practices, and  the site construction supervisor 

will be responsible for seeing that these procedures are followed . 

 



1
 U.S. Environmental Protection Agency, 1979. Demonstration of Nonpoint Pollution Abatement Through Improved Street 
Cleaning Practices. 
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Sanitary Waste 

All sanitary waste will be collected  from the portable units by a licensed  contractor  a 

minimum of three times weekly, and  d isposed  in compliance with state and  local 

regulation. 
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Long Term Best Management Practices Checklist  
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125 Pennsylvania Avenue, Framingham, Massachusetts 

Long Term Best Management Practices – Maintenance/ Evaluation Checklist  
 

Best Management 

Practice 

Inspection 

Frequency 

Date 

Inspected 
Inspector Minimum Maintenance and Key Items to Check 

Cleaning/Repair Needed   

yes  no  (List Items) 

Date of 

Cleaning/Repair 
Performed by 

Water Quality Unit 
Quarterly    yes  no 

  

Deep Sump and 
Hooded Catch basin 

Quarterly   
 

 yes  no 
  

Street Sweeping 
Quarterly    yes  no 

  

Inspect Outfall 
Structure 

Twice a Year    yes  no 
  

Bio-Retention Basin 
Mowing, Inspect & 
Trash Removal 

Monthly    yes  no 

  

Bio-Retention Basin 
Mulch 

Annually    yes  no 
  

Bio-Retention Basin 
Fertilize 

Annually   
 

 yes  no 
  

Bio-Retention Basin 
Removal of Dead 
Vegetation 

Annually   
 

 yes  no 

  

Bio-Retention Basin 
Prune 

Annually    yes  no 
  

Underground 
Retention System 

Quarterly    yes  no 
  

 
    yes  no 

  

 
    yes  no 

  

 
    yes  no 

  

 

 

Stormwater Control Manager          
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Spill Prevention & Response 
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Spill Response Procedure 
 
 
Initial Notification 
 
In the event of a spill the facility and/or construction manager or supervisor will be notified immediately. 
 
Facility Manager (name)   ___________________________________  
  ___________________________________  
Facility Manager (phone)  ___________________________________  
  ___________________________________  
Construction Manager (name)  ___________________________________  
  ___________________________________  
Construction Manager (phone)  ___________________________________  
  ___________________________________  
 
 
Assessment - Initial Containment 
 
The supervisor or manager will assess the incident and initiate containment control measures with the 
appropriate spill containment equipment included in the spill kit kept on-site. The supervisor will first contact 
the Fire Department and then notify the Police Department, Board of Health and Conservation Commission. 
The fire department is ultimately responsible for matters of public health and safety and should be notified 
immediately. 
 
Fire Department Phone: 911        
 781-397-7383      
 
Police Department: 911        
 781-397-7171      
 
Board of Health Phone: 781-397-7053      
 
Conservation Commission Phone: 781-397-7040      
 
 
Further Notification 
 
Based on the assessment from the Fire Chief, additional notification to a cleanup contractor may be made. 
The Massachusetts Department of Environmental Protection (DEP) and the EPA may be notified depending 
upon the nature and severity of the spill. The Fire Chief will be responsible for determining the level of 
cleanup and notification required. The attached list of emergency phone numbers shall be posted in the main 
construction/facility office and readily accessible to all employees. 
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HAZARDOUS WASTE / OIL SPILL REPORT 

 

Date / /  Time  AM / PM 

 

Exact location (Transformer #)  

Type of equipment Make Size  

S / N Weather Conditions  

On or near water    Yes If yes, name of body of water  

    No 

Type of chemical / oil spilled  

Amount of chemical / oil spilled  

Cause of spill  

  

  

Measures taken to contain or clean up spill  

  

  

Amount of chemical / oil recovered Method  

Material collected as a result of clean up 

 drums containing  

 drums containing  

 drums containing  

Location and method of debris disposal  

  

Name and address of any person, firm, or corporation suffering damages  

  

Procedures, method, and precautions instituted to prevent a similar occurrence from recurring  

  

Spill reported to General Office by Time AM / PM 

Spill reported to DEP / National Response Center by  

DEP Date / /  Time  AM / PM Inspector  

NRC Date / /  Time  AM / PM Inspector  

Additional comments  
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EMERGENCY RESPONSE EQUIPMENT 
INVENTORY 

 
 
 
The following equipment and materials shall be maintained at all times and stored in a secure area for long-
term emergency response need.  
 

-- SORBENT PADS 2 BALES 

-- SORBENT BOOM 100 FEET 

-- SAND BAGS (empty) 50 

-- SEWER PIPE PLUGS 

-- 12 INCH DIAM. 1 

-- SPEEDI-DRI ABSORBENT 5 40# BAGS 

-- SQUARE END SHOVELS 1 

-- PICK 1 

-- PRY BAR 1 

-- DRAIN COVERS 2 
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EMERGENCY NOTIFICATION PHONE NUMBERS 
 
1. SUPERVISOR/MANAGER 

NAME:    _________________  BEEPER:  ______________________  
PHONE:  _________________  HOME PHONE:   _________________  

 
ALTERNATE: 

NAME:    _________________  BEEPER:  ______________________  
PHONE:  _________________  HOME PHONE:   _________________  

 
2. FIRE DEPARTMENT 

EMERGENCY:  911 
BUSINESS: (781) 397-7383 

 
POLICE DEPARTMENT 

EMERGENCY:  911 
BUSINESS:  (781) 397-7171 
 

3. CLEANUP CONTRACTOR:  ___________________________  
ADDRESS:   _________________________________  
PHONE:  ___________________________________  

       
4. MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION 

EMERGENCY:  (617) 556-1133 
NORTHEAST REGION - WOBURN OFFICE:  (617) 932-7600  

 
5. NATIONAL RESPONSE CENTER 

PHONE:  (800) 424-8802 
 

ALTERNATE:  U.S. ENVIRONMENTAL PROTECTION AGENCY 
EMERGENCY:  (617) 223-7265 
BUSINESS:  (617) 860-4300 

 
6. CONSERVATION COMMISSION 

CONTACT:  (781) 397-7040 
 

BOARD OF HEALTH 
CONTACT:  (781) 397-7053 

 
7. FACILITY MANAGER  

NAME:    _________________  
PHONE:  _________________ 
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Appendix J: 

Checklist for Stormwater Report 
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Appendix K: 

Water Quality Volume, Recharge Volume, 

and Drawdown Calculations 
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